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PREFACE 


I T IS more than 20 years ago that the author was first 
led to the consideration of the Theory of Atomic 
Form, and shortly afterwards commenced to make 
models of tetrahedra of various forms with the view of 
ascertaining how far such a figure would be capable 
of f ulfilling the role of the carbon atom The author 
concentrated his attention upon the form of an irregular 
tetrahedron, particulars of which are given m the pages 
of this book, and large numbers of models of this form 
have been made, and combmed m various ways m order 
to represent the various types of carbon compounds 
The work was suspended in 1914 by the exigencies 
of the War, and the urgent demands of a professional 
busmess , hence the delay m submittmg the results to 
pubho estimation 

At the present time the constitution of the Atom is 
the subject of physical theories which are widely separa- 
ted from the ideas which have been set out m this book, 
and many persons may be disposed to lay it aside as 
bemg moonsistent with the latest advances of scientific 
thought The author asks for a more impartial con- 
sideration of this subject , so much has yet to be dis- 
covered, so many problems have yet to be elucidated, 
that no Theory should be rejected which helps m any 
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It IS also suggested that some persons who may 
not at present see their way to accept the theory of 
Atomic Form, may yet find the models of aggregates 
of the caibonoid an assistance when considermg somS 
of the problems of Orgamc Chemistrv — by enabhng 
them more easily to visuahze the structures m three 
dimensions which undoubtedly are represented by 
chemical formulae 

The author desires to thank Mr I D Margary, 
M A , who has read the manuscript, for his kmd assis- 
tance and many waluable suggestions 

The Havek, 

Dorman’s Park, Edwd E Priob 

Surrey 

J%ly, 1922 
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CHAPTER I 


INTRODUCTORY 


I N any dasoussion of the constitution of the Atom 
the phenomenon of crystallization must have an 
important place, and it may be ]ustly said that no 
theories of atomic or moleculai constitution, which 
Ignore the facts connected with the crystaUization of 
the Elements, can be considered as restmg on a sound 
basis 


When an elementary substance is in a gaseous con- 
dition enclosed m a vacuum tube and subjected to forces 
relatively of great magmtude, there must necessarily be 
great difficnlty m separatmg the phenomena produced by 
these conditions and by the rapid movements (both ro- 
tational and translatory) of the atom, from those 
characteristics that belong exclusively to the atom 
itself If these charactenstics are studied when the 
atoms are m a state of approximate rest, they afiord a 
much more satisfactory field for investigation, and 
more rehablo results may be expected 

The followmg statement of facts in connection with 
the crystaUization of elementary substances is sub 
mitted 
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(1) A large proportion of the Elements are known to 
assume a crystaUine structure when m the sohd 
state, and of those which are not so known, many 
are capable of forming crystalhne space-lattices 
when in eombination with other Elements 

Some elementary substances which are hquid 
or gaseous at Ordinary Temperatures, may not 
have been examined in the sohd state under con 
ditions which produce the crystalhne form 

(2) Of those Elements which are known to crystalhze 
each one forms its own particular crystal or space- 
lattice Some elements crystalhze in more than 
one geometric form, but these oases do not mvahdate 
the general rule stated above ' 

(3) Crystal formation is not affected or controlled m 
any way by physical forces other than heat, pressure 
and solubihty Electricity plays no part m the 
formation of a ciystal, and a magnetic field has 
no effect upon the process 

(4) The space lattices vary as regards density , t e , 
the atoms are more closely packed in some crystals 
than in others Sulphur forms crystals m two 
forms — ^Rhombic and Monoohmc, the latter readily 
changmg into the Rhombic form with a marked 
change of volume at the transition pomt 


' VonWeimarii“XoHoid2et«scZin/«” Vol 11 p 81,(1907), 
lias put forward the view that even gases have a mioro or j stal 
»■ hue structure in their particles Aocoiding to him all matter is 
or5fstalline, and what we oall amorphous matenals are only so to 
us, because we cannot see the extremely tiny crystals from 
which they are irregularly budt up 
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It IS difficult to conceiTo of sphencal or ellipsoidal 
forms having the power to arrange themselves accord- 
ing to geometric laws so soon as the vibrations of heat 
are reduced to a certam degree, and m the absence of 
any other directive force so far as is at present known, 
but if the atoms themselves have defimte geometric 
forms, then arrangement m an ordeily space-lattice, 
so as to produce defimte geometric figures pecuhar to 
each atom, appears to be the natural result of the with- 
drawal or reduction of the vibrations of heat 

It should be borne in mmd that m Nature the per- 
manent spheroidal form is either the product of living 
agencies or of rotational movements, and is never associ- 
ated with matter m its elementary state 

The heavenly bodies owe then shape to their rota- 
tion around then axes The fruits and seeds of the 
Earth are the products of vegetation, and the rounded 
forms of orgamc life on sea and land are again the result 
of hving energy The rounded forms of the pebbles on 
the sea shore are the result of the ceaseless movement 
of the waves Drops of watei and other hquids owe 
then shape to the movement of the drop ih passing 
through the air, and cannot permanently retam the 
spheroidal form 

Geologists are familiar with lounded and spherical 
foims, but these when carefully considered wiU gen- 
eiaUy be found to arise either from organized hving 
forms of past ages, or to meteorites which have fallen 
upon the earth’s surface, and which attained their 
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spherical shape when m a molten eondition by rapid 
transit, and probably by a rotational movement 

Atoms when m a gaseous state, and rotatmg rapidly, 
will occupy a sphere of influence which wdl assume a 
spheroidal or elhpsoidal foim.but the atoms themselves, 
when at rest, must be considered m the hght of the 
crystals which they then form, and must have such 
forms as wdl enable them readily to bmld up the space- 
lattices of their own particular crystals The crystals 
thus formed wiU not necessanly coincide m form with 
the atoms of which they are built up, but may differ 
entirely from the form of the atoms of which they are 
composed 

Consider also the great diversity m the characters 
and quahties of the various Elements Large differences 
in meltmg and boding points and m other chemical and 
physical quahties characterize Atoms of Elementary 
Substances, whose atomic weights are in near proximity, 
as, for mstance. Carbon with atomic weight 12 and 
Nitrogen with atomic weight 14 

It is generally conceded that we must assume one 
general substance as the basic material out of which all 
atoms are constructed, and if that be so, it is impossible 
to attribute these diversities to difference m essential 
oharactei of the material of which they are made up 
Taken alone the atomic weights are msufficient to 
explain these diversities, and we are consequently led 
'"to look to differences of form as the most natural 
explanation of this great diversity of character 
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It would also be difficult to conceive of this large 
number of distmot atoms each with its own atomic 
weight, valency, and its group of qualities and affimties, 
but without form 

The Theory of Atomic Porm does not exclude the 
poasibihty of each atom bemg constructed of a large 
number of very small particles or corpuscles, or, as we 
prefer to designate them, “ sub-atoms,” which may con- 
stitute the “ materia pnma ” out of which aU atomic 
bodies are constituted Such a view would be quite 
consistent with the anangement of these sub-atoms so 
as to form a number of geometric foims, but if such be 
the case, it seems piobable that the sub atoms are m 
close contact without any interspaces such as we find 
in the space lattices of crystals A truly solid figure of 
this class would necessarily have great stabdity, but 
might bo broken up in a vacuum tube when under the 
influence of strong electric or other forces 

There appears to be great difficulty m reconcilmg 
the Electronic Theory of the constitution of the Elements 
with the considerations stated above The suggestion 
that the atom is a system of negatively charged cor- 
puscles revolving around a positively charged centre 
cannot readily be reconciled with the power which each 
Element possesses of buildmg up its own crystalhne 
form with its great stahihty, sharp edges and smooth 
faces Such a conception of atomic stiucture appears 
to he at vaiiance with our knowledge of crystal structure, 
and fails to assist us with the many prohlems of orgamo 
ohermstry by which we are still confronted 
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According to a recent pubhoation by Stewart, the 
Electronic Theory has not been generally adopted by 
organic chemists , he writes ^ 

“ It seemed as though the discoveries m Elec 
tromc Physics would have their reaction upon our 
structural views , but though several attempts have 
been made m this region of the subject, Organic 
Chemists m general have not welcomed them with 
an5rthmg hke whole-hearted encouragement There 
IS a feehng apparently that in abandoning the usual 
structural formula and replacmg them by elec- 
tromc symbols, the subject is bemg oomphcated 
mstead of simphfied , and this feehng, whether it 
be due to scientific caution or to mere conservatism, 
has certainly earned the day for the present ” 

It IS suggested that until the electronic constitution 
of matter is brought more mto accord with the phenom 
ena of Orgamc Chemistry, we are at hberty to consider 
any other theory that seems hkely to assist m the 
solution of the problem 

The task of assignmg definite geometric form to 
each Element and agreemg such form with the known 
atomic weights, valencies and other characters of the 
element, is surrounded with many difficulties At pre- 
sent we propose to consider only the element Carbon, 
which, by leason of the extraordinary number and 
variety of its compounds, reveals its character more than 
any other atom, but m the first place we offer a few 
words on the possibihty of designing a geometric form 
suitable for mono valent and di- valent Elements 

^Stewart — “Recent Advances in Oiganio Ohemiatry," (1920), 
page 2 
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Suggested possible form of a Mokovalbnt Atom 



B c 

Fig 3 Pig 4 

Stable position attached Unstable position, attached by 
by base one of the 3 sides meeting 

at the apex D 

Suggested possible form of a Di- valent Atom 



Fig 6 

Base of Pnsm 
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Fig 7 

Form of Prism with triangular 
Base as above 

If the bass be enlarged the sides 
will be longer and narrower 

A possible model of a Hydrogen Atom can be pre- 
pared, see Figs 1 to 4 The form is a very oblate 
pyramid with a base smaller than the face of 
the carbon atom It can form stable attachment 
with Carbon or Oxygen, etc , only by the base, but that 
IS large enough to prevent the attachment of any other 
Element Two such figures, umted by the base, form 
a small but compact figure which might represent a 
molecule of Hydrogen Gas, and in that condition it 
will not readily mute with any other Element 

A model of a di valent Atom can also be prepared 
See Figs 5 to 7 

When Bubmittmg these figures it is to be clearly 
understood that they are merely guess-work efforts, 
much more study and research being necessary before 
the true forms can be established, but they are mtend- 
ed to shew that models of mono- and di valent atoms 
are not impossible 

It will be asked, how can the suggested hypothesis 
of Atomic Form be reconciled with the present theones 
of Valency ^ 


Fig 6 

Sides of Pi ism 
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It IS suggested that Valency consists of the ability 
•of an Element to attach itself to other atoms either of 
the same or some other Element and is dependent upon 
the number of faces of its geometric figure, -which are 
available for makmg stable attachments No soM 
figure can have less than four faces, but it may be of 
such a form that only one, or it may be, two of its faces 
are so situated or of such a size and shape as to be 
capable of forming a stable attachment 

Moreover, m each particular case, the possibility of 
such an attachment must depend upon other conditions, 
namely, the form of the atom to be attached and the 
relative movements of the two atoms and then axis of 
rotation, if m the gaseous condition 

A gieat amount of study and research will be 
necessaiy in order to design foims which shall comply 
■with the known lequirements of the doctrine of Valency, 
but it IS contended that such forms can be designed 
and the reqmrements mot 

The so-called “ double bond " between adjoinmg 
Carbon Atoms deserves special notice There appears to 
he no definite evidence that the Carbon Atoms are 
really umted by a double or treble linkage On the con- 
trary, the carbon cbam breaks more readily at this pomt 
than elsewhere, and the carbon oompounda containing a 
so called “double bond ” readily take on additional atoms 
or groups The term “double bond” is, m reahty, a 
“figure of speech” which expresses the fact that two 
unsaturated valencies exist m regard to two adpmmg 
carbon atoms 
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It IS submitted that the form of the carbon 
chain and its rotational movement fuUy account* 
for the occurrence of such unoccupied faces m pairs, 
and generally on adjacent caibonoids The matter will 
be more fully dealt with in Chapter V , under the head- 
mg ^f “ Law of even numbers,” and in Fig 26, 
page 38a, where the pairs of faces are shown 

These observations refer to caibon compounds 
where the unsaturated valencies of adjoming Carbons 
are held to satisfy one another, such as Ethylene and 
Acetylene, but there are othex cases where “ double bonds ” 
are held to exist between Oxygen and Carbon, as in the 
Aldehydes and Acids 

These cases are pecuhar by reason of the fact that 
so long as di-valent oxygen is m the form of a hyd- 
roxyl group, and has only one free valency, it functions 
towards Carbon as a mono valent atom, but if the hyd- 
rogen be removed from the Hydroxyl, the oxygen is 
supposed to act as a di valent atom, and appears to be 
capable of satisfymg two carbon valencies 

It IS suggested that the conduct of Carbon, Oxygen 
and Hydrogen m these positions can only be properly 
understood when the geometric forms of all the three 
atoms are known, and their interactions clearly portrayed 
The hypothesis of Atomic Form adopts the foUow- 
mg conceptions with regard to elementary Atoms, viz 

(1) The Atom has a defimte geometric form which 
distmgmshes each Element from all others 

(2) Atoms belongmg to the same group m the Periodic 
Law differ in magmtude but may have the same or 
similar forms 
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(3) The valency of an Element is the number of faces 
• available for stable attachment to other atoms of the 

same Element or to atoms of some other Element 

(4) The geometric form of the atom confers upon it 
its characteristic quahties and powers 

(5) Except at 0° on the absolute scale of temperature 
all atoms must be considered to be m motion, either 
vibratory or tranalatoiy In the case of gases the 
molecules are oonsideied to have both rotational 
and translatory movement 

The adoption of the above conceptions is no doubt 
difficult, m view of the regularity of the difEerenoes of 
valency and Atomic weight of the gioups in the Periodic 
Table of the Elements, and the similarity of the seveial 
increases in atomic weight This matter will be further 
considered in Chaptei XTI, “Concluding Obseivations ” 
The remainmg chapters of this book will be devoted 
to the consideration of the possible form of the element 
Carbon, and an attempt will be made by models of the 
Caibon framework of various compounds, to shew the 
agreement between these models and the known facta 
with regard to the compounds which they represent 



CHAPTER II 


THE CARBONOID AND ETHYLOID 

To attempt the design of a geometrical solid winch 
may fitly repiesent the Carbon Atom, is a task of 
considerable difficulty 

The umversal tetravalent charactei of caibon com 
pels us to suggest a tetrahedron for the model, but 
there are a large number of tetrahedra, any one of 
which might be adopted In view, however, of the 
equality of the four valencies we are led to adopt a 
figuie in which all the faces are equal, but we have stiU 
a large number of forms available, dependent upon 
the character of the face adopted The formation 
and stabihty of the Benzene Nucleus suggests that 
the tetrahedron should be of such a form that six 
atoms can combme to produce a new figuie Only one 
figure can now be designed which will fulfil all oui re 
quirements 

Accordingly, we submit the model, Eig 8, which 
wiU be called a caibonoid Its features are 

(1) All the faces are ahke in every respect, and stand 
m the same relationship to one another 

(2) There are two equal sohd angles, A C and B D in 
Fig 8, and four other sohd angles equal to one 
another, but differing from the other two , the two 
equal sohd angles are each 1 /6th part of four right- 
angles, so that the angle at E, Fig 8, is an angle of 
60° 
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(3) The faces are isosceles tiiangles, and they have the 
• pecuhanty that the base is equal to the normal to 

the base See Rg 9 

(4) If the figure be divided uito two equal portions by 
a plane passmg thiough one of the triangular 
faces, B — D, and also through a point bisect- 
ing the opposite solid angle at E, such plane 
will be an equilateral tiiangle ^See Fig 8 



It will be admitted that this figure, the “ Carbonoid” 
has some special features — moiethan the regular Tetia- 
hedron — and it seems impossible to design any othei 
figure which will be so simple and at the same tune so 
symmetrical 

If two carbonoids aie jomed together by any of 
then faces, a new six-sided figure is produced, which 
18 called an “ Ethyloid ” See Rg 10, p 14 It differs 
materially from the carbonoid and from any other 
combmation of carbonoids There is nothmg at aU 
hire it among the models which contain three or more 
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carbonoidfl There is now a shght difEerence in the 
position of the faces, which are arranged m pairs Two 
pairs are ahke m their positions relatively to one another, 


A 



Fig 10 n 

The Ethyloid 


and to the rest of the figure, viz , A E C, DEC and 
A B C, D B C, but the third pair, ABE and D B E, are 
differently placed, the sohd angle at B E dividing the two 
faces, beuig situated neaier to the centre of the 
figure, the line B — E forming the bases of the two 
isosceles triangles This is called a co basal pair of faces 
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If SIX carbonoids or three ethyloids are joined to- 
"Igether m regular ordei, a new figuie is obtained, called 
a “ Benzenmd,” I^g 11, which has twelve faces, ah. 
exactly alike, and all occupying similar positions in 
the figure This is a very compact and symmetrical 
figure, and should have great stabihty and special 
featuies and characteristics separating it fiom aU other 
combmations of either Carbonoids oi Ethyloids 

We will consider presently the models of Carbon 
Chains, m connection with which there are some m- 
terestmg features, but first let us consider the model of 
the “ Etliyloid ” 


Every Chenust will allow that the Ethylene group 
occupies a very important position m Organic Chemistry 
It IS the basis of a large number of substances both 
useful, important and abundant In an homologous 
senes it is the compound containmg two Carbons only 
that usually occupies the most important place in the 
series Moreover, the Ethyl group occupies an import- 
ant position m a large number of substances and we 
notice its stabihty m the Ethers 


The importance of this group is shewn by the 
foUowmg Table of Compounds of two Carbons — 


Ethane 

Ethylene 

Acetylene 
Ethyl Alcohol 


Ca H3 

Cj The prmcipal constit- 

uent of Coal Gas 

Cj H, 

C^ OH The Alcohol of 
Commerce 


Acetaldehyde 


C, 0 



16 


ATOMIC FORM 


Acetic Acid 
Oxalic Acid 
Di-ethyl Ether 
Cyanogen 


Cjj Og The commonest 

monobasiQ acid" 
Cg Hg 0^ The commonest 

di- basic acid 

Cg H, 0 Cg H, 

The commonest Ether 


Cg Ng 


The Ethyloid is more convenient in shape than the 
Carbonoid and far exceeds m symmetry and compactness 
all the other groups It should have great stabihty It 
IS significant that this form comcides with a group so 
widely known and of such general usefulness, and 
ocoupymg such an important position in Organic 
Chemistry 

The position of the acids of two Carbons only is 
further shewn by considering the Diagrams of melting 
pomts of the monobasic and di-basio acids, winch are 
given in Holleman’s “ Organic Chemistry”, Eifth 
Edition, pages 106 and 199 In these two Dia- 
grams the lowest melting point coincides with a 
chain of 5 carbons, there being a remarkable fall 
between the acid containing 4 and that contaimng 5 
carbon atoms Thioughout the two senes there is a faU 
as we pass from even to odd numbers, and a marked 
recovery on returnmg from odd to even Another 
remarkable feature is the high meltmg-point of the 
acid contammg two carbons only Some of the figures 
are now given 

Monobasio Di basic 
Acid Acid 

One carbon 8 3 

Two carbons up + 16 7° + 189 5 



THE CABBONOID AHI) BTHYLOID 


17 


Monobaaio Di basic 
Acid Aoid 


Three carbons 

doAvn 

_ 

22 ° 

-h 

133 0 

Four „ 

up 

— 

31 

+ 

183 0 

Five ,, 

down 

__ 

58 5 

+ 

97 5 

Six ,, 

up 


1 5 

+ 

153 0 

Seven ,, 

down 

— 

10 5 

+ 

105 5 

Eight ,, 

up 

4- 

16 5 

+ 

140 0 


In the case of the Paraffin Series where there is no 
acid radicle attached, the lowest meinbei of the senes 
contains only three carbons See Diagram Fig 12, p 18 
The anomalous position of the compound contaming two 
caibons is, however, contmued m this Diagram, thus 
confirmmg the unique position occupied by all com- 
pounds of two caibons only, which is associated 
with the form of the Ethyloid 

It IS noticeable also that the special form of the 
Ethyloid IS associated with a high meltmg pomt, because 
theie is reason to believe that compounds of sjmmetiical 
and compact form are distmgmshed by higher meltmg 
pomts 

In Stewart’s Stereochemistry,^ the following state- 
ments are made 

“ In 1882 Carnelly stated that of two isomers, 
that which possessed the most symmetrical and 
compact structure was distmgmshed by havmg 
the higher melting-pomt and Franchimont has 
brought evidence m favour of this view 
Werner puts forward the idea that this difierenoe 
m meltmg-pomt may he merely one mstanoe of a 
much more general rule ” ' 

^ Stowart — “Stereochemistry" (1907) pp 174/5 
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“ This idea may prove to be based upon mere 
’ Gomcidence, but the fact that benzene para-deriv- 
atives have higher melting pomts than the corre- 
spondmg ortho-denvatives seems to pomt to some 
general rule such as Werner foreshadows ” 

In the Second Edition, under “ The properties of 
Ethylene Stereoisomers 

“Carnelly a rule that the highei melting-point 
IS generally associated with symmetiy and compact- 
ness of structure finds an illustiation in the fact 
that aAially-symmetncal ethylene isomers have 
melting-points higher than those of the plane-sym- 
metrical type They are also less soluble and less 
volatile , and they appear to have higher densities ” 
The Theory of Atomic Form receives some con- 
firmation fiom the differences of meltmg pomts between 
those acids containmg an even and those of an uneven 
number of carbon atoms If the caibon atom be sup- 
posed to be a sphere or cube it is difficult to understand 
why such large differences should eiast, thus — 


Fatty 

Acids 


/ H H H 

I I I 

4 Carbons H-C-C-C-COOH 

I I I 

H H H 

H H H H 

I I I I 

5 Carbons H-C-C-O-C-COOH 

I I I I 

( H H H H 


MP 

-3 1 


MP 

-58 5 


Stewart — " Stereochemistry" 2nd Edition, (1919). p 1 18 
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If four Carbons are represented by four spheres 
and an additional sphere is introduced into the Carbon ^ 
IVamework of the Acid, producing a fall in the meltmg 
point of 55°, it is inconsistent that the introduction of 
a further sphere should produce a me m the melting 
point of 57° to — 1 5° 

When, however, the chain of carbonoids is inspected, 
see Fig 26, p 38a, we see that the introduction of an 
additional carbonoid produces considerable change in 
the position of the end carbonoid to which the acid 
radicle is attached, the effect of this alteiation being 
to reverse the position relatively to the rest of the 
chain of the end carbonoid, and the attached acid 
radicle This change may well be sufficient to alter 
materially the relationship between the carbon chain 
and the acid radicle, and thus give rise to a change 
in the properties of the substance 

It will be seen that the differences of melting pomts 
aie much larger m the case of the Acids than 
they are in the diagram of the Paraffin Series, shewing 
plamly the effect of the Acid Radicle, but these differ- 
ences persist m the case of the Paraffin Group, indicat 
mg that the cause of the differences in character is to 
be found in the Carbon Cham, and that the function of 
the Acid Radicle is to enhance the effect of this peculi- 
arity An important feature of the Carbonoid Chain is 
the change m the position of the end Carbonoid talong 
place at each change m the number of carbons 
in the cham, with a more or less marked reversion to the 
old positions when we get back to the correspondmg 
odd or even number of carbons 

This may furmsh us with an explanation of the 
variations m meltmg pomts of these compounds 
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BENZENE AND SOME OF ITS DEEIVATIVES 

Tlie Benzenoid, Fig 11, p 14 is a completely sym- 
metrical figure and admits of no division into right- 
handed and left-handed isomers — optical activity, such 
as arises when asymmetry exists, is therefore impossible 
Among Benzene derivatives it is generally the case 
that all those which do not mvolve the existence of an 
attached chain of two or moio carhonoids (added to the 
Benzenoid at the same point) are inactive, and the Ben- 
zene Ring, with the addition of a smgle atom, other than 
Carbon, will aho be inactive, thus 

I INACTIVE II POSSIBLY AOTIVH 



C in No I IS attached to the Rmg so as to he not 
m the plane of the paper but at right angles thereto, and 
m No II C occupies a similar position C H 3 in 
No 2 IS again approximately in the plane of the paper, 
and may be on the right hand or the left See Fig 13, 
p 22, A and B representmg the enantiomorphous 
forms of the two isomers 
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A B 



The two isomers of No II cannot be made to corres- 
pond In one of the isomers the C group wiU be 
on the side nearer to the 0 H group, and m the other 
it win be on the other side and further from the hydroxyl 
This Poimis described as ’’‘possibly ” aotire, because 
if the carbonoids forming the oham are differently 
arranged, no right and left-handed isomers will exist, 
the arrangement bemg symmetrical, thus 



Fig 14 

Perpendicular View 
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and its derivatives are borne out by expenmental data 
In Cohen’s “ Organic Chemistry,” it is stated that there 
IS no asymmetry in Benzene and no optical enantio- 
morphs^ 

“ All attempts to lesolve Benzene Compounds 
have been fruitless, and what is even more 
significant , there is no smgle instance of an optically 
active compound of Benzene, among the many 
derivatives found m Nature, which owes its activity 
to the asymmetiy of the nucleus ” 

It IS not only necessary to produce a model of six 
Carbonoids which wiU correspond with the known 
characters of Benzene, such as the entire absence of 
enantiomorphism, but our model should explam the 
unaaturated condition of the molecule, and the fact that 
only SIX out of the twelve faces are occupied by 
Hydrogen 

‘ Cohen — Oiganic CheimsUy, 1st Edition, p 448 
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It IS assumed that the figures of Carbon and its 
compounds when m the gaseous state are floatmg m a* 
medium which supports them in much the same way 
as water supports any objects floatmg in it, and that 
the molecules are subject to the same laws of gravity 
and mutual attractions as are observable m other and 
larger objects If it be allowed that the Hydrogen 
Atom has the form of a very oblate pyramid, it wiU 
follow that nascent Hydrogen wiU adopt a position m 
which the base of the pyramid will be above and the 
apex will occupy the lowei position thus 



Apex 
Fig 16 


In this position the Hydrogen Atoms will readily 
combme with the lower surface of the Benzenoid, but 
it will be practically impossible foi them to make stable 
attachments to the upper surface , to do so it would be 
necessary for the Hydrogen to make a complete in- 
version of its position so that the base may be below 
and the apex above, such a change of position would be 
unlikely In this view, it would be the up^ar surface 
of the Benzenoid which would be free from Hydrogen 
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It may be argued that if the Hydrogen Atom was 
»so placed as to be unable to attach itself to more than 
one side of the Benzenoid, would not this fact also pre- 
vent the union of two Hydrogen Atoms to produce a 
molecule of Hydrogen Gas, but it will readily be seen 
that in such a combmation we have two atoms of 
Hydrogen concerned, both of which would be disposed 
to move towards each other and only one half of the 
inversion of each atom would be necessary to enable a 
stable union between the two atoms to take place by 
attachment of their bases 

When the Benzene Nucleus is formed by the coming 
together of three Ethyloids, freed from Hydrogen, an 
atmosphere of nascent Hydrogen will smround the 
Benzenoid, and the under surface thereof may be sup- 
posed to obtain immechate attachment of Hydrogen , 
but the upper surface may lemam free to form attach- 
ment to othei atoms if such aie m a nascent condition 
and occupy suitable positions Tho subsequent con- 
duct of the Benzene Nucleus may depend upon tho 
charactei of the atom with which it is brought mto 
contact, and the circumstances such as heat, pressure, 
etc , existmg at the time, togethei with the pecuhar 
movements rotational and otheiwise of both groups 
relatively to one another 

BENZENE DERIVATIVES 
Certam syntheses which assists the hypothesis of 
Atomic Form, are those of cextam derivatives of Benzene 
Tnmethyl Benzene 1 3 5 or mesitylene, can be produced 
from three molecules of Acetone on treatment with sul- 
phuric acid 
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H 0 H 

I I I 

H-C-C-C-H 
I 1 I 
H H 


three molecules of which when 
nascent give 


mesitylene 



The model of the Carbon Framework of mesitylene, 
and the condensation of 3 Acetone molecules to produce 
Mesitylene, are shewn in Figs 17 and 18, p 25a, and it 
Will be seen that its configuration is such that the three 
molecules of Acetone unite together so as to produce 
the Benzene Derivative without any change in the posi- 
tion of the carbons, or any break of the carbon frame- 
work Any chain consisting of cubes or spheres or 

0 

I 

similar bodies would have to have a configuration 0 — 0, 
or else the position of the carbon atoms would have to 
be changed, and the cham broken in order to enable the 
Benzene nucleus to be formed The chain of Carbonoids 
^ in Acetone is so formed as to be able (after the loss of 
O) to form one-third of the Benzene Derivative with- 
out any alteration 
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A sinailar case is that of the synthesis of Tnacetyl 
Benzene 13 5 from thiee molecules of Aceto-acet- 
aldehyde 


H 0 H H 
I I I I 
-c-c-c-c 
I I I I 
H HO 


H 


H H 
I I I I 
c-c-c-c- 
I I I I 

H 0 


three molecules of which make 
Tnacetyl Benzene 13 5 



In this case the models shew that the Benzene 
Derivative is formed without bending or breaking the 
Carbon Cham 


Agam, three molecules of Dimethyl Acetylene 

H H 

I I I I 

H-C-C-C-C-H 

I I I I 

H H 


wdl produce Hexameihyl Benzene 
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In this case the molecule of the Dimethyl Acetylene 
must be of such a form that the atoms of C Hs wul 
appear on the same side of the Benzene nucleus, thus 


CHj 



Dimethyl Acetylene must therefore have the form 
CH,OH, 

I 1 

-C-C- A 

I I 

The two CHj groups are evidently added to the 
opposite ends of the Acetylene group There are two 
ways m which two smgle carbonoids can be added to 
an Ethyloid 

CH3 CH3 CH, 



One is as hlcely as the other We are, therefore, en- 
titled to select the formula, the carbon framework of 
which IS given above, A 

Three of these molecules can readily oombme to 
form a Benzene Nucleus plus six groups of C H,, on 
the same side of the rmg as already shewn above, without 
any change m the configuration of the carbon oham or 
any breakmg of the cham 
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Another interesting case of a similar character is 
' the condensation of di acetyl to form p xyloquinone 
On removing one molecule of water from each mole 
cule of di-acetyl we have 

H 0 

I I I I 

H-O-C-C-C H 
I I I 
H (2) (3) (4) 

( 1 ) 

Here the three carbonoids Nos (2), (3) and (4) are 
so arranged that they form one-half of a Benzene ring 
presenting a co-planar face consisting of one face of 
each of the two carbonoids C(2) and 0(4) see Fig 45, 
p 72a On removal of H^O these co-planar faces are 
unsaturated and immediately umte to form 


p zyloqumone 


CH3 

•I 

C 


'"0^° 


0 \ C-H 

(y \ X 
c \ 

I '' 

OH, 


Here again the models shew a remarkable facihty 
for the formation of the Benzene derivative 




Ring of 60 caibonoidb, oi 6 imgs of 6 eaibonoicR 
each, and 6 links of 4 earbonoids each 



CHAPTER IV 


THE ALLOTROPIC FORMS OF SOLID CARBON 

Pure Carbon emtB in three forms Diamond, 
Graphite, and Amorphous Carbon The production of 
amorphous carbon proceeds on the following Imes 
If Benzene is passed through a glowing tube Naph- 
thalene Ojo Hj and Pyrene Hj^ are produced 

On heatmg Naphthalene or Pyrene to a still higher 
temperature, in absence of air, amorphous carbon results 
What number of carbon atoms are there m amorph- 
ous carbon and what is the form of the molecule * 
There is strong ground for concludmg that there are 
several rmgs of six carbons and that there is a large 
number of carbon atoms in the molecule 

In Fig 19 we shew a rmg of 60 oarbonoids 
which IS capable of mdefimte extension and which may 
very well stand for a molecule of amorphous carbon 
■When a lamp smokes the air is filled with httle 
specks of amorphous carbon each of which wiH be made 
up of many thousands of these groups loosely held 
together If, however, pure Carbon is formed under 
smtable conditions Graphite may be produced, but very 
high temperature and great pressure is needed to produce 
the Diamond It is doubtful if Graphite can be con- 
sidered as ciystalhne in formation, but it has some of 
the characteristics of a crystal 
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If the structure here shewn is extended in all 
directions, a network la foimed as shewn in Fig 20, 
and this network may, under suitable conditions, extend 
in all directions in the same plane Such a network 
may be fractured, and the hue of fracture will be as 
shewn by the black hues on the figure It wiU be seen 
that the Imes of fracture form equilateral triangles 

Now let ns look at a photograph of a piece of 
Graphite as seen through the microscope, Fig 21, 
p 30b There are a number of hues clearly marked, and 
it IS clear that these hues are aU arranged relatively 
in the same way as the sides of an equilateral triangle 
It is suggested that they represent the hnes of 
fracture of a network of carbonoids as shewn m Fig 20 
In support of this statement we may refer to the 
synthesis of Melhtio Acid by the oxidation of graphite 
or wood charcoal Assuming that Graphite has the 
structure shewn m Fig 20, viz , 



the hnes of cleavage will be as shewn by the heavy hue 
givmg molecules of the following type and leaving no 
residue 



Kig 2( 


Net^^oik consisting of the extension in all directions in 
the same plane of the Rings of 60 carbonoids, sho-vvmg 
the Lines of Cleaxagc 
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(a)0 

/ I 
(b)C c 


G 

/ \ 


C 


C(a) 

/ 

|\ 

C C(b) 
\ / 
c 

/ \ 

c c 

(a) (b) 


a above 
b below 


This accords with the assumed character of the car- 
bouoid network, and would give the following formula 
for melhtic acid 


(a) HOOC C COOH (a) 

C & 

/ 1 I \ 


(b)HOOC cj (j COOH(b) 
\ / 

C 

/ \ 


HOOC GOOH 

(a) (b) 

The usual formula foi Mellitic Acid is 


COOH 

I 

c 

/ \ 

HOOC— C C— COOH 

I I B 

HOOC-C C-COOH 

\ / 

C 


COOH 



32 


ATOMIC FORM 


We have not been able to asceitain the evidence 
on which this formula is assigned to Melhtic Acid, andr 
it seems possible that formula “ A ” may be correct 
There are other facts associated with the 
reactions connected with Melhtie Acid which indicate 
the probabihty that formula “A” is preferable to 
formula B If this be the case, the form of the 
carbonoid network shewn in ITig 20, p 30a is confirmed 
The Diamond crystaUizes in the form of a regular 
Octahedron or more rarely the cube, but these are com 
pound figures The simplest form of the Diamond is a 
tetrahedron, not the irregular tetrahedron of the car- 
bonoid, but one that could be used for either an octahe- 
dron or a cube , the base is an equilateral triangle, and 
the three other sides are right angled triangles 

If a few models of the tetrahedral form are made, 
they can be combmed so as to form both the octahedron 
or the cube, and it wiU be seen that the thiee sides 
eurroundmg the apex of the tetrahedron will correspond 
with one half of the sides of the cube, the apex being 
the comer of the cube , and they will present an arrange- 
ment of squares while the base of the tetrahedron will 
present the appearance of equilateral tnangles, and will 
correspond with the faces of the octahedron Uncut 
stones are obtainable m all three forms, the tetrahedron, 
the cube and the octahedron 

The base of the tetrahedron and the faces of the 
octahedron are adorned with equilateral triangles 
representmg the positions where a layer of the 
substance of the Diamond ends Some photographs 
of the appearance of the face of the natural Diamond 







• THH ALLOTEOPIO POEMS OP SOLID OABBOIT 33 

are now given, Figs 22 and 23, and 24 and 25> 
jmd we see here the same formation which we saw in the 
case of graphite clearly portrayed 

It will be seen m Fig No 24 that the equilateral 
triangles are arranged m a position opposite to that of 
the triangular face of which thej’’ form a part, the bases 
of the triangles of the fraotural markings being in the 
direction of the apex of the triangular face If, how- 
ever, the face of the Diamond be exposed to a high 
temperature under the oxyhydrogen blow-pipe, a por- 
tion of the surface is removed and a new set of equilateral 
triangles appears with their bases inverted so as to 
correspond m position with the triangular face of which 
they form a part 

On reference to Fig No 20, p 30a it will be seen that 
the Imes of fracture can be drawn in two different ways, 
either base above or base below, m this respect therefore 
the network of carbonoids is able to depict the natural 
phenomenon exhibited by the faces of the Diamond 
Dr Max Bauer, wilting on the structure of the 
Diamond, says 

“ The Tiiangular pits are regular pyramidal 
depressions of which the bases are equilateral 
triangles They are usually small and often only 
to be seen distinctly under the microscope 

“ These depressions are of the same general 
character as those produced on the octahedral faces 
of a diamond dunng its combustion , but wbde the 
comers of the pits of natural origin are ad]acent 
to the octahedral edges, this position is occupied 
by the sides of the pits produced by etching, 
thus the two positions are the reverse of each 
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other The pits occur singly or in large numbers, 
and the striations may or may not be also present*- 
on the same face 

So far we have only arranged the carbonoids so as 
to produce a network with equiangular lines of fracture 
Can a space-lattice be built up to correspond with the 
structure of the Diamond ^ This can be done, but the 
number of carbonoids employed is so enormous that we 
have been compelled to resort to the use of hexagonal 
cards to represent the Benzene nucleus In this way a 
model has been prepared tvhich corresponds with the 
form of the tetrahedral Diamond It will, however, be 
very difficult to molude a photograph of this model m 
the illustrations by reason of the large size of the model 
required to shew tho tetrahedral figure and the enorm- 
ous number of cards which are reqmred for its con 
struotion 

It IS claimed that the capacity of the carbonoid to 
build up models of all the forms of solid carbon has 
now been shewn, but the illustrations fail to display 
fully the agreement between the models and the differ- 
ent forms of Diamond , this can best he seen by consult- 
ing the models themselves 

NOTE — 27iA /awMary, 1922 
At the meeting of the British Association m 
Edinburgh, September, 1921, a Discussion took place 
on the Structure of Molecules — opened by Dr Irving 
Langmuir In the discussion which followed, Prof 


^Precious Stones, Max Bauer, 1904, page 124 
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W L Bragg, after comidering the struotiiral form of 
Galcium Carbonate as revealed by X-ray analysis, is 
reported to have said 

“ The interpretation of the Structure of 
Graphite is not quite so certain os that of caloite, 
but the evidence is very strongly m favour of a 
hexagonal artangemeni m sheets 

“ Each carbon atom is equally related to three 
neighbours in the same plane They are separated 
by a much greater distance from the atoms m other 
planes, and the cleavage indicates that the forces 
between successive planes are shght These 
hexagons might be written as Benzene Rings with 
Valency Bonds, but such a formula would indicate 
a lowered symmetry of the structure, which is not 
the case ” 



CHAPTER V 


LAW OF EVEN NUMBERS 

The ordinary teatures of carbon chains are faithfully 
reproduced by the models, the well known formula 
^nHon+a ^pphes to strings of carbonoids, the avail- 
able faces corresponding to 2n-f 2 

We have already considered the Ethyloid with six 
faces If to this one carbonoid be added the next 
group of three carbonoids has eight faces, and so on 
The models serve equally well for representing the 
carbon framework of molecules with branched chams 
The number of Hydrogen atoms or its substituents 
attached to a carbon chain is always crew, m the satura 
ted compounds CnHjn+j the number of Hydrogen 
atoms IS naturally even, and in the unsaturated substances 
with the formulae CnHan or CnH 2 jj_ 2 , the number of 
Hydrogen atoms is still even , when other elements such 
as Halogens, Nitrogen, etc , are mtroduced into the 
molecule by substitution the total carbon valencies 
occupied remains an even number Eiom this it follows 
that the unoccupied caibon valencies are always 2 or 
a multiple of 2 

This pecuhanty of carbon chains is thus described 
m Holleman’s Organic Chemistry' “Law of the 
Even Number of Atoms ” The number of Hydrogen 

' Holleman’s Text Book of Orgamo Chemistry, 6th English 
Edition, pp 47 48 
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atoms in the saturated hydrocarbons is even, since 
tfieir formula is All other organic com- 

pounds may be regarded as derived by exchange 
of these Hydrogen atoms for other elements or groups 
of atoms, or by the removal of an even number of 
hydrogen atoms or by both causes simultaneously From 
this it follows that the sum of the atoms with uneven 
valency (Hydrogen, the Halogens, Nitrogen, Phosphorus, 
etc ), must always be an even number The molecule 
of a substance of the empirical composition CgHjOgN 
must be at least twice as great as this, because 2H-t- IN 
IS uneven ” 

The following instances may be quoted — 

H H 

I I 

C„H^ Ethylene H— C-C-H 

I I 

1 I 

C,H, Acetylene H— C-C— H 

I I 

H H H 

I I I 

CjEr^Hg Tri bromo-propane H— C — C— C— H 

I I I 

Br Br Br 

on removal of H Br we get 

H H 

I I I 

CgBr H^ Di bromo-propane H— C — C— C— H 

I I I 

Br Br 
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on removal of 2Br there remains 
H 

I I I 

G 3 H^ AUene H-C-C-C-H 


If an attempt be made to satisfy the unoccupied 
valencies shewn, the molecule will take up Hydrogen, 
Chlorine, Bronune, Iodine, Oxygen, or other atoms, but 
so as not to leave an uneven number effaces vacant 

This Law IS due mamly to the character of the 
carbon chain, and must be attributed to some pecuharity 
of its configuration No satisfactory explanation has, 
hitherto, been put forward 

We will presently consider the three pairs of 
faces exhibited by the Ethyloid A similar arrangement 
of pairs of faces exists m the Tri-carbonoid and all the 
compounds represented by higher numbers of carbonoids 

A photograph of a chain of 17 carbonoids, is here 
given and the arrangement of the faces in pairs may be 
easily seen , see Fig 26 The foUowmg characteristics 
should be noted — 

(1) The number of faces available is 36 (2n4-2) 

(2) The whole of these faces are arranged m pairs, viz 

16 co-basal pairs and 2 pairs at each extremity 
of the chain In this case the pairs (except 
the two pairs at the extremities) belong to 
adjacent carbonoids 
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A co-basaJ face is one m which the bases 
of the two isosceles triangles are muted , thus — 


A 



D 

Fig 27 

Pair of Co Basal Faces 
Base B — C 

(3) The faces may also be arranged differently according 
to pairs of concave faces there being 15 concavities 
of two faces each = 30, +3 odd faces at each 
extremity of the chain These pairs (exceptmg the 
three at each extremity) belong to alternate car- 
bonoids 1-3, 2-4, 3-5, etc 

(4) The two pairs of faces at each end of the cham 
occupy special positions which correspond in all 
respects to their fellows at the other end of the 
molecule, they appear generally to retain their 
attached atoms as in the cases of Acetylene and 
AUene already mentioned This may be due to 
the fact that the attractive force at the two ends 
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of the chain wiU be greater than in the middle, as 
it will operate most powerfully in the direotioif 
of the longer axis Exceptions may be noted in the 
case of Cyclo-Propane and other cyclic compounds 

The position of the pairs at the extremities of the 
chain will be changed relatively to the rest of the cham, 
and relatively to one another, as the number of oar- 
bonoids 111 the chain mcreases, and as we pass from odd 
to even and even to odd, such changes of position will 
be enhanced by any other atoms attached to these 
faces as in the case of acids refeired to in Chap II , 
and they must affect materially the properties of the 
molecule The addition of one carbonoid to the chain 
has the effect of reversing approximately the direction 
m which the pair of faces at the end of the cham is 
pointing 

It 18 suggested that m all normal carbon chains, the 
atoms of Hydrogen, etc , which are m attachment, 
occupy the two sides of the co-basal pairs of faces, 
and that the axis of rotation of the molecule will be 
that which corresponds most nearly with the longer 
axis of the chain Any increase m the rapidity of the 
rotation will tend to throw off the attached atoms m 
pairs, smce if one element of the pair is removed the 
stabibty of the other member of the pair wiU be simul- 
taneously affected, m a similar manner, and to the same 
extent, and wiU be removed at the same time The 
effect of centrifugal force wiU be to drive the atoms 
towards the sohd angle separating the co-basal pair of 
faces where they wdl meet, and further movement by 
either atom should be retaided or stopped When the 
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(iOtation IS enhanced and the centrifugal force becomes 
suffioiently strong, both atoms will be removed at the 
same tune 

Similarly, in an atmosphere of nascent Hydrogen — 
if one aide of the pair of faces is occupied, there vail be 
created a position of stabihty on the other side of the 
solid angle which will be occupied by the nascent Hydro- 
gen available, oi fadmg such occupation, the smgle 
Hydrogen alone will be unable to retain its position 
It will be seen that the two co basal faces belong to 
two adjacent caibonoids, thus agreeing with experi- 
mental data, and accountmg foi the phenomenon that 
■when Halogens are removed from the molecule they 
take with them a Hydrogen atom fiom the adjacent 
caibon atom and not from the one to which the Halogen 
IS attached This pecuhanty is shewn m the case of 
normal Propyl Iodide and Isopropyl Iodide, the models 
of which are shewn m Fig 28, A and B 

Normal Propyl Iodide Isopropyl Iodide 

CHs— CH,— CH,I CH,— CHI— CH; 

A B 




Fig 28 

Note The letters in dotted lines, represent the atoms attached 
to the remoter sides of the figure 


D 
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The Hydrogen which leaves the molecule along 
with the Halogen is enclosed in a rmg,and the illustration 
shews that the Hydrogen is much more accessible to 
the attraction of the lodme atom than the atom of 
Hydrogen on the same carbonoid which is at the other 
side of the molecule 

THE ETHYLOID 

This Law of Even Numbers is well illustrated by 
the Ethyloid When Ethane is passed through a heated 
tube it loses two Hydrogen Atoms with the production 
of Ethylene CjH^ 

The model of the Ethyloid presents three pairs of 
faces, one of which is a pair of co-basal faces see 
Eig 29 The solid angle at B — C which divides these 


A 



D 

Fig 29 


Ethyloid 
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two faces occupies a medium position intli regard to 
the Axis of Rotation and the two faces will have an 
equal letaining power on either side, there will be no 
tendency to drive off an attached atom to the right or 
left, see Fig 29 The effect of centrifugal force 
upon any Hydrogen attached to these two faces will be 
to drive the two attached Hydrogen atoms towards 
the base B — C, where the force opeiatmg upon each of 
the two Hydrogen atoms bemg equal, and the directions 
opposite, they will meet and retard one another from 
further movement 

The effect of this (coupled with the position of the 
axis of rotation) -will be that they will piobably be 
the last to leave the molecule This is important, 
as so long as this pair of Hydrogen is retamed, the 
molecule is unable to jom with other similar Ethyloids 
and produce a Benzene nucleus 

Of the other two pairs, they may be chosen in 
two ways — either two faces on the same carbonoid or 
two faces on the adjommg carbonoids The latter seems 
the most probable, for the sohd angle separatmg the 
pair of faces of ad]oiiimg carbonoids is very obtuse, 
while that separating the pair on the same carhonoid is 
acute A reference to the model of the Ethyloid, 
Eig 29, wiU shew that the two faces of the adjoining 
carbonoids are veiy close together With regard to 
these two pairs of faces which are not co-hasal, a careful 
study of the Ethyloid shews that the effect of centrifugal 
force upon an attached Hydrogen atom will probably be 
to drive it in the direction shewn by the arrows m figure 
Fig 29 until it reaches the solid angle at A — E — D this 
IS an acute sohd angle, where there will be httlo if any 
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obstruction to prevent it from passing off the Ethyloid 
The axis of rotation of the Ethyloid will no doubt be 
determined by the position of its centre of gravity, and 
will be nearer to the co-basal faces than it will be to 
the other two pairs of faces, so that the pomt E, 
(Pig 29) will have a shghtly more rapid movement than 
the line B — C, and it will be the point where col- 
lisions with other molecules will take place If these 
views are adopted we can see a reason why the Hydro- 
gen attached to these two pairs of faces wiU be throvm 
off by the increasing rotation of the molecule, m prefer- 
ence to the Hydrogen attached to the pair of oo-basal 
faces 

These two pairs may be distmguished from each 
other by the question of whether they lead or follow the 
rotation of the Ethyloid Whether the pair which 
follows the Ethyloid wiU be more easily lost than the pair 
which leads is a question on which there may be some 
doubt, but it 16 clear that there will be a difference 
between the two positions, and one pair wdl be cast off 
more easily than the other As the rapidity of the 
rotation increases, it may be that one pair will be 
hable to become detached by coUisions with other 
Ethyloids In this way, Ethylene wiU be pro- 

duced 

On paBsmg Ethylene through a red hot tube the 
rapidity of the rotation of the molecule may be mcreased, 
with the result that another pair of Hydiogen wdl be 
lost, and Acetylene will result 

So far the removal of Hydrogen has not facditated 
the formation of a Benzene Rmg, but on further treat- 
ment with heat the last pair of Hydrogen is driven off 



LAW 03? EVEN NUMBEES 


45 


from the co basal pair of faces and the Ethyloid unites 
with two other similar molecules to form a Benzenoid, 

^lUS — 



It IS interesting to observe that it is only on the 
removal of the last pair of Hydrogen Atoms that the 
formation of Benzene takes place, and that the pecuhar 
formation of the Ethyloid seems to necessitate that 
the co-basal pair will be the last to leave the molecule 
Throughout it has been assumed that the Ethyloid 
has a rotational movement around an axis passmg 
apprommately through the centres of the two earbonoids 
This seems to be inevitable The Ethyloids, under the 
influence of a high temperature, must also have a 
translatory movement, and colhsions will probably occur 
frequently The effect of such coUisions on a spherical 
body would be the production of a spm in one or both 
of the colhdmg molecules, and in the case of the Ethyloid 
it IS difficult to conceive of a collision taking place 
without the production of a rotational movement m 
both molecules which wiU mcrease m rapidity with any 
rise m the temperature 
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THE TRICARBONOID 

The Tricarbonoid has 4 pairs of faces, two co-basal 
pairs, one on the front of the model and one on the 
back, marked Aj and Aj, and Bj and There is also 
one pair of opposite faces occupying the faces of the 
concave side marked Cj and C^, and a pair of smgle 
faces marked Dj and occujiymg similar positions at 
the opposite ends of the figure As shewn in Rig 31 



The tctracarbonoid can be divided mto pans of 
faces in a similar way, and so on with other carbon 
chams 

THE BENZENOID 

This figure cannot be divided mto pans of faces 
m the same way as the carbon chain When Hydrogen 
IS added to Benzene, the atoms are attached to the 
unsaturated faces of the Benzene nucleus %n pairs 
CgHg, CgHjj See HoUeman’s Text Book of 

Organic Chemistry, Ihrst Edition p 355 

“ "When the aromatic hydrocarbons take up two 
or four hydrogen atoms, they lose their aromatic 
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character and acquire properties pecuhar to unsaturated 
compounds 

“ Dihydrobenzene, C„Hg, for example, reacts with a 
solution of peimanganate and sodium carbonate, and 
also adds on four Bromine atoms 

“ Tetmhydro Benzene, CgHjo readily adds on two- 
Bromine atoms ” 

The special form of the Benzenoid and the com- 
paratively smooth surface of its unoccupied side must 
render it very difficult for the first pan of Hydrogen 
atoms to become attached thereto, having regard to 
the fact that it must be considered as lotatmg rapidly 
around its shorter axis When, however, one pair of 
Hydrogen or other atoms is attached, the smoothness 
of the surface would be disturbed and the addition of 
other atoms or groups would become comparatively 
easy This may account for the change of character 
which takes place when addition products are made to 
Benzene and the fact that whenever it takes on two or 
four hydrogen atoms it acquires properties pecuhar to^ 
unsaturated compounds 

Some doubt must still exist as to the cause of the 
adherence to hnkage in pairs in these circumstances, 
but it IS clear that the attachment of a smgle hydrogen 
atom would disturb the balance of the rotating Ben- 
zenoid, while the attachment of two Hydrogen atoms m 
opposmg or balancing positions would pieserve the 
equihbnum of the molecule This phenomenon may 
also be considered as due to the character of the Hydro- 
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gen atom The Gas molecule of Hydiogen when it is 
shaken apart to produce two atoms of nascent Hydrogen 
may perhaps exist in a condition of partial separationf 
so that the attachment of one atom involves the attach- 
ment of the pail at the same time Until further 
Imov ledge is obtained and the form of the Hydrogen 
atom IS known, the solution of this problem must 
remain in abeyance 



CHAPTER VI 


TAUTOMERISM 

This jDhenomenon has received great attention from 
Organic Chemists and, under the title of “ Dynamic 
Isomensm,” has been the subject of a senes of Reports 
to the British Association by a Committee presided over 
by Professoi H E Armstrong 

The subject has been dealt ivith at some length by 
Cohen ^ m Organic Chemistry for Advanced Students, 
from ■which the foUo'wmg extract is taken 

“ Smce Laar drew attention to the subject m 
1885, oases of tautomensm have rapidly multiphed 
Before discussmg the later development of this 
subject, a shoit account -will be given of a few of 
the principal types of tautomeric compounds, that 
is to say, compounds which possess a double func- 
tion, but are commonly represented by only one 
substance 

“ If we examme the examples of tautomensm 
which have been given, we shall find that the struc- 
ture of the compounds is such that it allows of the 
formation of isomers by the transference of a hydro- 
gen atom from one polyvalent element to another, 
accompanied by a corresponding change m the 

‘ Cohen — “ Organic Ohermatry,” 2nd Edition, Part II 
Structure, p 318 
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linkages This structure depends, therefore, on the 
piesence of certain groups 

“ A convenient plan of classifying the great€i 
number of tautomeiic compounds has been pro- 
posed by Laar, nho divides them into ‘ Dyads ’ 
consistmg of two polyvalent elements hnked to 
gether.from one to the other of winch the hydrogen 
atom may be supposed to travel , ‘ Triads ’ in 

which the ongmal two polyvalent elements are 
sepaiated by a third (which is of necessity at least 
tervalent) so that the hydrogen has now to travel 
fiom the first to the third element in the chain, 
and so forth ” 

After quotmg a large number of cases of tauto- 
mensm, Cohen sums up the subject as follows^ — 

“ It will be seen that Laar’s conception of one 
substance lepresenting two structural isomers has 
not been consistently adhered to, for several cases 
are cited in which both isomers anticipated by 
theory aie Icuown The latter have been called 
Dynamic Isomers sometimes oi desmotropic com- 
pounds, to distingmsh them from the smgle or 
tautomeric substance Dynamic Isomers diSer in 
no respect from ordmary Isomers but in the fact that 
they are moie or less readily inter-convertible ” 
“ Fresh hght has been thrown on the subject 
of tautomerism by the discovery of both structural 
foims of the famihar and pecuharly labile (Keto-enol) 
type of tautomeanc compounds 

^ Cohen' — ” Organic Oicrmatry^'^ 2nd Edition, Part II 
Structure, p 330 



“ Its immediate result has been to demonstrate 
the futihty of the method hitherto adopted of 
® attemptmg to ascertain the structural formula of a 
tautomeno compound from that of its derivatives 
or from the chemical behaviour of the compound 
itself 

“ It has been shewn that the extreme mobihty 
of one or both of the isomers renders them hable 
to isomeric change, not only m presence of a reagent, 
but frequently by a rise of temperature or the 
mere action of a solvent ” 

The Committee of the British Association referred 
to above in their Report state that Dynamic Isomerism 
includes all oases of reversible isomeno change and 
that it reqmres the aid of a catalyst to brmg about 
the reaction This is supphed by water or dust, and 
that the change is not an mtramolecular one, but is the 
result of a complex heterogeneous molecular ciromt ’ 
Without entermg upon a discussion of any of the 
problems connected with this subject, we submit that 
when viewed from the standpomt of the theory of Atomic 
Form, cases of reversible Isomeric Change may be divided 
into three groups, namely — 

(1 ) Caeboit Chains 

Transfers from Carbon to an adjacent 
Carbon or to an atom or group attached 
to an adjacent carbon atom 

(2) The Benzene Nucleus 

Tiansfers from attachment to one part of 
the Rmg to another part, or to a group 
attached to some other part of the Ring 
* Report of the British Association (1909), p 137 
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(3) Tkiads 

Transfers involving the passage of the 
labile Hydrogen from No 1 to No 3ft 
the carbon framework passmg ovei No 2 

In all these cases we deal only with tiansfers of 
position m which carbon, oxygen and hydrogen are 
concerned Our ignoiance of the probable form of 
Nitrogen and other elements renders it madvisable to 
molude transfers m which these atoms are mvolved 
(1) CARBON CHAINS 

In the well-known example of aoeto- acetic Ester, 
the two interchangeable forms are 

CH -COH-CH-COO-CjH^ 

and 

CH -CO-CH^-COO-C,H„ 
the labile Hydrogen may be represented as oscillating 
between the two positions, thus — 

H H 0 

III/ 

H-C-C-C-C-C„H, 

I I \ 

H O'® 0 

(1) (2) (3) (4) 

In a oham of four oarbonoids there exist three co- * 
basal pairs of faces, Nos 1 — 2, 2 — 3, 3 — 4 In the pair 
2 — 3, No 2 carnes an additional Oxygen Atom and the 
distance between a face of the Oxygen Atom and a face 
of No 3 Carbon is quite small It is not surpnsmg 
if the attraction of the Oxygen attached to No 2 is 
balanced by the attraction of Carbon No 3, and m such 
a condition the Hydrogen might have a tendency to 
oscillate between the two positions 
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Assumuig for Oxygen an imaginary form of a tn- 
^gular Prism, with two faces equal to a face of the car- 
bonoid, the position will be represented by one of the 
folloiving drawings — 



One cannot suppose that the very hght atom of 
Hydrogen is tightly held by the attraction of the car- 
bonoid, and when the temperature of the system is 
raised and the rotation of the molecules mcreased, the 
Hydrogen will momentanly leave its position in the 
molecule, and on retummg will, m some cases, attach 
itself to the Oxygen 

Such an interchange seems very probable, even on 
the assumption of spheres or cubes for the forms of 
carbon and oxygen, thus — 



Fig 33 
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(2) THE BENZENE NUCLEUS 

An example of this type of tautomensm is given by 
Professor Cohen 

NITKOSO PHENOL QUINONE-OXIME 



These formulsa represent the distance over -which 
the Hydrogen atom travels to be the entire diameter of 
the Benzene Rmg On looking at the Benzenoid it is 
seen, however, that this is a comparatively short dis- 
tance See Fig 34 



Fig 34 
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^ The Oxygen and the Nitroso gioup \7ill he m close 
proximity neai the centre of the Benzene nucleus, and 
there is a strong probabihty of a Hydrogen atom being 
attracted fiom one to the other 

(3) TRIADS 

Examples of this type are numerous and include 
transfers from carbon to carbon and between the 
elements Carbon, Nitrogen and Oxygen What the 
relative positions of the two atoms between which the 
Hydrogen is presumed to osciUate may be, u e cannot teU, 
except where we have three caibons as in the following 
type 

(1) (2) (3) 



There are three ways m which three carbonoids 
may be arranged, viz — 

The right handed form, / either of these is repre- 

The left handed form, J sented by Figs 44 and 

The straight form, [ 45, p 72a 

In the first two of these forms there is a concavity 
separating one of the faces of No 1 from one of the faces 
of No 3, and a transfer of Hydrogen from one of these 
faces to the opposmg face or to a group occupying the 
opposmg face and vice versa could most easily be made 
See Fig 35, p 56 

It will be seen that the mtervenmg carbon, No 2, 
occupies a position which entirely removes it from the 
field of action 
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In. the case of an Oxygen atom occupying one of the 
faces of the concavity, the transfer of the Hydrogen atom 
becomes facihtated 

It 13 claimed that the existence of Tautomers of this 
type IS a strong confirmation of the theory of Atomic 
porm, as only m chains of three or more tetrahedra, 
can an arrangement be made of such a type that the 
first and third of the tetrahedra are m close proximity 
and so readily suggest oscillation of the Hydrogen atom 
between the opposmg faces 

This result may be achieved either mtramolecularly 
or by a complex molecular circuit, for if the Hydiogen 
IS entirely removed from the molecule to form part 
of a molecule of water or of some other chemical 
aggregate, and is then leturned to the onginal molecule 
containmg thiee carbon atoms, it would have the 
same opportumty of becommg attached to either side 
of the concavity 

Lapworth, in a paper on a possible basis of general- 
isation of Intramolecular Changes m Orgaiuo Com- 
pounds, states that the majority of reactions and changes 
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111 Organic Chemistiy, can be refeired to necessary vaiia- 
t«ons of one, or at most, two, simple laws, which find 
their most general foims in the relationship between, 
for example, the two foims of tautomenc and desmo- 
tiopio substances, as for instance Eg 

Rjj Rg RyMjM, ^ 1^8 R 7 Mj, and 

he suggests the following graphic representation to 
explain the transfer of M from No 1 to No 3 



In this connection he suggests that it is not necessary 
to imagine that the group M ever actually becomes free, 
but rather that it is always under the influence of the 
attraction of R„ or R^, and possibly at some instant 
of both simultaneously, thus the labile character of the 
molecule may be imagined to depend upon a species of 
dissociation ' 

The graphic illustration shewn iii the paper, of which 
a copy appeals above, is evidently designed to shew 
how a labile atom may be transferred from No 1 to No 
3 passing over No 2 Transfers of this chaiacter are 
clearly provided for in aU carbonoid groups, as already 
explained, see Fig 35 


Tournal of the Chemical Society, Vol 73, p 445, (1898) 
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ISOPRENE AND RUBBER 


The models may be used as a means of deciding 
■which of two formulae is to be oonsideied as the correct 
one As an instance, let us take the model of Isoprene, 
Fig 36, p 58a 


\ 

CH, 

I 11/ (4)' 
CH^-CH-C 
(I) (2) 

(5)’ 


At the Meeting of the British Association at York 
m 1906, W A Tilden reported on the polymerization 
of Isoprene, he then stated — ' 

“ It appears probable that the slow poljmenza 
tion which ultimately results in the production 
of sohd India-rubbei is due to a diSerent mode 
of hnkage, leadmg to the formation of long 
chams Except on the assumption of a shifting of 
Hydrogen this can only take place on the condition 
of the formation of a senes of tetramethylene rmgs ” 

' Brit Abboo Reports, York, (1906), p 525 
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If a change takes place gradually m the position of 
the “ H ” atom so as to produce the following — 

H H 
\/ 

C- 

1 H \/{4) 

H — C — C — C 
(1)1 (2)1 (3)\ 

H H C- 


the molecule will be of such a form that two pairs of oo- 
planar faces would be presented, viz Nos 1 and 3 
and Nos 4 and 5, and these would be available for 
hnking to another molecule of Isoprene 

By reason of these two pairs of co planar faces 
(see the annexed photograph, Fig 36), molecules of 
this land could form long chains or filaments of mdefimte 
length, which would be marvellously fine and delicate, 
but as the carbon atoms wiU be held together by their 
mutual attractions only, they would always be capable 
of a shght separation at each joint m the carbon oham, 
the existence of an enormous number of such joints m a 
small piece of each filament would produce a power of 
stretching and recovery of a marked character 

The appearance of the cham of carbon atoms is 
shown in the photograph Fig 37, and may be extended 
mdefimtely 
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Harries has put forward an eight membered ring 
formula " 



i 

CH, 

1 I |/W 

CH^-CH-C 

(1) (2) (3)\ 

CHg 

(5) 

18 assumed to form part of the eight membered rmg, 
but our models shew that the three carbons (4), (3) and 
(5) form part of an mdependent rmg 

They also shew that the unoccupied faces or 
unsaturated hnkages of the CH^ (1), CH (2) and C (3) 
are also part of another rmg and that CH^ (1) and C (3) 
form a co planar pair of faces, C (3) bemg common to 
both xmgs, and that on the removal of one Hydrogen 
from CHg and the transference thereof to CH making it 
(5) (2) 
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CHj, the two atoms CH^ and CH^j form another co- 
» (4) (5) 

planar face, both of which are available for Imking to 
another similar molecule 

It will thus be seen that before Isoprene can poly 
merize a change m the arrangement of the Hydrogen 
13 necessary One of the Hydrogen atoms in CH^ being 

(5) 

removed to the unoccupied hnkage of OH 

( 2 ) 

In the above formula this appears to be a difficult 
operation, as the Hydrogen would have to pass over C, 

(3) 

but when the models are mspected, it is seen that these 
atoms are adjacent, see Fig No 36, p 58a, where the 
relative positions of No 2 and No 5 are shewn It will 
thus be apparent that the shiftmg of Hydrogen men- 
tioned by Prof Tilden in 1906 can now be shewn to be 
a probable occurrence 

Although OH, and CH are now shown to be ad] a 
(5) (2) 

cent atoms, the two faces concerned in the necessary 
transfer of Hydrogen are not adjoimng faces, and it 
appears to be necessary to pass over to the other side of 
CHj in order to reach CH This is not a difficult 
(5) (2) 

transfer, but it is probable that it will not take place 
immediately nor very readily , this may be considered 
to be consistent with the slow rate at which poly- 
merization of Isoprene takes place 
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It seems highly probable that gradually the juxta- 
position of another molecule with a co-planar face, fret 
from Hydrogen, will cause the removal of a Hydrogen 
atom from the CH^ group and its transference to CH 
(5) (2) 

When this change takes place, the polymerization 
of Isoprene wiU immediately foUow, and if this be con- 
tmued the long dehcate filaments of caoutchouc will 
result These filaments will not crystallize, but lyuig 
m close contact extendmg m all directions would con- 
stitute a highly elastic sohd, piovided we may assume 
that the property of elasticity possessed by India-rubber 
is due to the stretchmg and recoil of these filaments 
Pickles, in a paper read before the Chemical Society 
of London in 1910\ suggested that the unsaturated 
nuclei CjHj of Isoprene might umte to form long 
chains of the following structure 

Me Me Me 

I I I 

CH, C CH (CH,), C CH (CH,), C CH (CH,), 


and that the number of C^H, complexes involved m 
the oham nught vary in different kinds of Rubber His 
formula for Isoprene is 


till 
H— C-C-C-C-H 



I 

H 


Journal of the Chemical Society" Vo] XCVII p 1085, 
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and he shews grounds for rejecting the eight niem- 
feeied ring pioposcd by Harries 

Models can be prepared maccoidance with Pickles’ 
formula, but they are not of a compact or symmetrical 
form, and the chains would be of t\i o kinds, light and left 
handed and involving optical activity (see Chapter IX ) 
We think that the carbonoid chain shewn in Fig 37, 
p 58a, IS the most probable explanation of the structure 
of rubber, although it involves a change in the position 
of one Hydrogen atom 

In Stewait’s JReoent Advances m Organic Chem 
xatiy,^ the subject of Natural and Artificial 
Rubber and the various syntheses of the artificial pro 
duct aie fuUy considered, and it appears that normal 
lubbei can be prepared fiom Isopiene, by the formation 
of an iiitei mediate product called Myicene 
lesultmg from keeping Isopiene at a temperature of 
80° — 90° This dimeiic form is subsequently treated 
with Sodium for the production of Normal Rubber 

From what has been already stated with regaid to 
the model of Isopiene it will be seen that each mole 
rule has one co-planar face, (Nos 1 and 3 in the above 
formula), available for linkage to another molecule of 
Isoprene without any change m the airangement of 
the attached Hydrogen, so that when the substance is 
submitted to a modeiate temperature the /3 Myioene 
compound is formed 

The further polymerization lequiies the assistance 
of Sodium, and a change m the position of one of the 
Hydrogen atoms as above explamed 

' Stewart — “ Recent Advances m Organic Chemistry” (1920), 
p 103 116 
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Even if the reader is unable to accept the Scheme 
of Atomic Form he will find that tjie use of models 
will m this case assist him m the consideration of the 
formulae, and by shewing the existence of pans of 
co-planar faces (Nos 1 — 3 and Nos 4 — 5) wiU enable 
the formation of a filament to be more easily appre- 
hended 



CHAPTEE VIII 

TRIPHENYL-METHANE 
(C„H,)3 CH or 

Some attention should be given to this compound 
on account of its theoretical importance The group 
(CpHJj, or combine with Nitrogen and 

other groups, occupies an unique position in the mole- 
cule of many important Chemical Dyes, including the 
rosanilmes It also polymerizes to form Hexaphenyl- 
ethane (C„H„),C-C 

Consideration of the models indicates that while 
it may be possible to arrange three Benzenoids around 
a smgle Carbonoid, the arrangement is not symmetrical 
and the resultmg model of the Tnphenyl methane mole- 
cule is not at all hkely to be stable 

The arrangement of three Benzenoids around one 
Carbonoid is suggested by the formula, the idea evidently 
being that one Hydrogen must be omitted from each 
Benzene Ring, so as to allow of a hnkage to the smgle 
carbon which is supposed to be situated in the centre 
of the molecule, the remaining afSnity bemg represented 
by the smgle Hydrogen attached to the central carbon 
The compound was thus made to appear to be saturated, 
except for the normal unsaturation of the Benzene 
Rings 

For a long time, it appeared that this was one of 
the most difficult cases, ansmg in connection with the 
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Theory of Atomic Form Further consideration, how- 
ever, shews that the method of arrangement shewn ai 
Fig 38 may be adopted 

In the synthesis of Tnphenyl-methane, Benzene 
takes an important part, as shewn below 

H 

/ 

(C„HJ C -f2(C,HJ=(C,Hj3CH-fH^0 
\ 

0 

(C,H,)CH— Clj+2(CaHj=(C,Hj3CH+2HCl 
CHCl,-f3(C„Hj=(C„Hj3CH+3HCl 

It IS true that the Hydrogen may be supposed to 
letain its place m attachment to the single carbon and 
that each of the Benzene Rmgs may give up one Hydro- 
gen, but it may equally well be the case that 
only one Hydrogen is taken from Benzene and one 
from the attached Carbonoid, or that the single 
carbon takes on an additional Hydrogen, malnng 
CHj leavmg one of the Benzene Rmgs with only 
four, but it seems reasonable to adopt the scheme 
by which the extra Carbonoid is attached to 
the Tnphenyl group, and does not constitute the 
centre of the molecule It is introduced into the mole- 
cule in attachment to one Benzene Ring, and the mole- 
cule IS completed by the association of two additional 
Rings In domg so they may each give up one Hydro- 
gen in order to complete the molecule of Water or 
Hydrochloric Acid, without becoming directly attached 
to the single Carbon 



Fig 38 

Till PHLNyr Methane 




Fig 43 (Seep 74) 

Kight and left handed SPI KAi 8 
Asjmmetiic airangement of the Oahbonoid Chain 
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It must be remembered that the Phenyl group has 
ose side entirely unaaturated and theiefore available 
for attachment to other Ilmgs Three Benzenoids have 
therefore three sides which can be brought into contact 
flee fiom any hmdrance caused by attached Hydrogen 
The unsatuiated sides of the Benzenoid have each tvo 
faces which can be arranged so as to form attachments 
to other Benzenoids 

The form of the Benzenoid is such that a new com- 
plex is thus formed of a compact and stable configuration, 
a photograph of which is shewn m Fig 38 

To a molecule of this configuration a carbon atom 
may be attached in such a way as to produce a oo- 
basal and co planar pan of faces, available for union 
with any other molecule of Triphenyl methane or with 
other groups 

In order to expiess the arrangement of the car- 
bonoids in this molecule a special type of notation wiU 
be used viz 


BENZENOID 



Eig 40 


View from the side of the molecule 
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The Tn phenyl Group (CaH ^)3 will be indicated 
thus — *> 



Fig 41 


The Hydrogen may be arranged m three different 
ways — 



In all three of these arrangements there will be four 
unsaturated faces distributed between the C H groups 
and the smgle carbonoid In each arrangement there 
wiU be a co-planar face between C„ and CH or CH , 
respectiTely, and in No III there will be, in addition, 
two single unsaturated faces on the opposite side of the 
molecule (C^ H^) and in No 1, one such face The 
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unsatuiated condition of the gioup coiresponds to the 
nsolecule’s lemarkable powei of foimmg addition pro- 
ducts with ether and many other compounds and the 
leadmess with which oxidation takes place 

A complete double molecule of Triphenyl-methane 
will be represented thus — 





Fig 42 

The 00 planar faces extend from * to * 
The unsaturated faces are situated at x 


It Will be seen that the double molecule is 
capable of furthei attachment to other atoms or groups 
The model shews that for each single molecule there is 
one iinsaturated face on the opposite side of the phenyl 
group as well as a coplanar face, and a vacant face on 
the back of the methyl group CH If the methyl has 
two Hydrogen in attachment, there will be two faces 
vacant on the opposite side of the Tri-phenyl group, 
and this might enable a net work to be built up which 
could be extended horizontally m all directions 
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The double molecule above depicted corresponds 
to Hexaphenyl ethane, the carbon hnking in which c^ 
be so easily broken , this is easily understood when the 
masses of the two tnphenyl groups are considered and 
the fact that they are not directly linked together 

/ 

Inrosaniline HO-C-C.H^NH, 

\ 

three ammo groups are attached to the three phenyl 
groups and one hydroxyl group is attached to the addi- 
tional carbon, but leavmg the tnphenyl group unaltered 
and leavmg four unsaturated faces moludmg the co- 
planar face already mentioned 

In rosanihne and other compounds containing ammo 
groups, Oxygen, etc , the construction of a crystaUme 
form is probably assisted by the attached groups and 
atoms 


The Tnphenyl group is capable of carrying six 
atoms attached to the two opposmg sides of two 
phenyl groups m the positions marked AA, BB and 
CC above and below m the foregomg illustration, 
l?ig 38, p 66a These faces, however, do not appeal to 
be occupied There would probably be difficulty in 
introducing a Carbonoid mto these positions 

Although the theory of the constitution of Triphenyl- 
methane set forth above has some points in its favour, 
it is not free from difficulties It is mamtained by some 
chemists that Tnphenyl methane should be considered 



TEIPHENYL METHANE 


71 


as a methyl group, surrounded by three phenyl gioups, 
aii. three bemg m contact with the central carbon This 
view IS supported by the fact that it can be synthesized 
from Benzene and chloroform and that one of the Hydro- 
gen atoms, being in umon with the central carbon, acts 
difierently from all the others and on oxidation becomes 
1 educed to — OH 

It must also be acknowledged that the Chemical 
evidence with regard to Tiiphenyl-methane points to 
the methyl group being an essential pait of the mole 
cule without which it could not exist In the position 
which we have assigned to it in attachment to the out 
side of the Triphenyl gioup it could be dispensed with, 
leaving a gioup which we should expect to be able to 
isolate and to record its characteristics 

The constitution of Triphenyl methane has been 
the subject of much speculation and controversy, and 
doubts exist as to whether the molecule is not a double 
one in the form of Hexaphenyl ethane, although leadily 
decomposed into Tiiphenyl-methyl in which foim it 
recombines with other atoms and groups 

If this view IS correct, the difficulties surrounding 
the constitution of the molecule would to a large extent 
disappear, since m Hexaphenyl-ethane the two carbon 
atoms are shewn to be in the centre of the group 

Whatever form is assigned to Carbon it is difficult 
to conceive of three Benzene rings (77 each), attracted 
and held by a single carbon atom in the centre of the 
molecule 
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It 13 clear that the question of the constitution of 
Triphenyl-methane and Hoxaphenyl-ethane is open.i;o 
considerable doubt and must be reserved for further 
consideration This subject is fuUy discussed in 
Stewart’s “ Beceni Advances in Organic Chemistry,” 
Chapter IX * In the 5th section of this chapter he 
writes — 

“ We have now exhausted the possibihties of 
static formulffi to explam the behaviour of Tri- 
phenyl-methyl , and it is evident that the lesults 
have not been completely satisfactory All the three 
views which we have discussed in the foregoing 
sections have certain advantages , and each has its 
own drawbacks It thus becomes clear that, if 
we are to make any further progress towards a 
solution of the problem, we must contrive some 
means of unitmg the advantages of the various 
foimulae , while at the same time we must endeavour 
to minimise their weak pomts In order to do this 
it IS obvious that we must turn to modem dynamic 
ideas and represent Triphenyl-methyl as a senes of 
equihbnum mixtures of isomerides Gomberg has 
developed this hne of thought and if his results 
do not represent the truth, it seems probable that 
they come very close to it ” 

It IS hoped that the suggestions put forward m this 
chapter may be of use m helpmg towards the solution 
of a problem of much complexity and difficulty 


^Stewart — “Recent Advances w Organic Ohemisiry,” (1920), 














CHAPTER IX. 


OPTICAL ACTIVITY OP CARBON COMPOUNDS 

In the year 1860, Pastetje, by his researches on 
the Tartano Acids, lard the foundation of Stereo 
chemistry, and Van’t Hoff^ in 1898, quoted the follow- 
ing mstructive passage from Pastetje’s writmgs — 

“ Are the atoms of Tartaric Acid arranged 
along the spiral of a nght-handed screw, or are they 
situated at the corners of an irregular tetrahedron, 
or have they some other asymmetric groupmg ? 
Time must answer the question But of this there 
is no doubt, that the atoms possess an asymmetno 
arrangement like that of an object and its mirrored 
image Equally certain is it that the atoms of 
the left handed acid possess just the opposite 
asymmetric arrangement ” 

Durmg the sixty years that have passed smce these 
words were written, an enormous amount of study has 
been given to asymmetno Isomensm, and a mass of 
detail has been recorded , the subject is still, however, m- 
volved in much controversy and speculation, and many 
problems await solution 

The Arrangement of Atoms in Space,” 2nd Edition, p 12, 
(1898), J H Van’t Hofi 
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Stewart, m Stereochemistry,^ writes — 

“ In the purely stereochemical field, much 
remains to be done in the exammation of isomeric 
compounds foi the e\istence of which no explan 
ation can be adduced under cuirent theories " 

It IS claimed for the theory of Atomic Form that 
right handed and left handed spirals are displayed by 
the caibonoid aggregates when arranged to represent 
carbon chains, resulting m an asymmetiic arrangement 
hke that of an object and its mirrored image The two 
spirals are shewn in Fig 43, p 86a 

The Carbonoid itself is an i? regular Tetrahedron, as 
suggested by Pasteur, and to its special configuration is 
due the asymmetry of the carbonoid chain and its 
power of depicting a large number of carbon compounds 

With the view of simplifying the discussion of the 
optical activity of caibon, it is proposed to omit all 
reference to stereoisomerism arismg in compounds of 
other elements, such as Nitrogen, Silicon, Tin, Cobalt, 
etc 

While on one hand the current theories do not 
afford a satisfactory explanation of many facts con 
nested with this branch of chemistry, the Theory of 
Atomic Form has no magic wand by which it can explain 
the complex problems involved It is proposed to set 
out oertam features of the theory bearing upon the 
subject and to await the extension of our knowledge 
and the result of further experimental research 

^ Stewart — “ Slereocfteaustrj/,” 2nd Edition, (1919), p 240 
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Tile Carbonoid Aggregates for two oarbonoida only 
e«jst in one form, the “ Ethyloid,” but on proceeding to 
arrange three oaibonoids there are three difierent forms 
available called “ Tricarbonoids,” drawings of which are 
shewn m Figures 44a and b, and Fig 45, p 72a The 
two Figs 44a and 44b are mirror images of one another 
and cannot be superimposed They are the beginnings 
of the two spiral chams, the forms assumed by strings 
of caibonoids — such chains are m two forms, the spiral 
figure bemg directed round the chain m the form of a 
right-handed screw ui one case and as a lelt-handed 
screw in the other, as will be clearly seen by the photo 
graph of two chains of 17 carbonoids each, Fig 43, p 66a 

It IS mteresting to note that no compounds shew- 
ing optical activity have less than three carbon atoms 
in the molecule, with the exception of 

Chloro-iodo methane sulphomc Acid 
Cl 
I 

{a)-H-C-SO„H-(b) 

I 

I 

and Fluoro-chloro-bromo acetic Acid 
F 

I 

(a)-Cl-C— COOH-(b) 

I 

Br 

Both of which have been resolved mto two optical 
isomers ' 


1 Stewart — “ Stereochemistry,” 2nd Edition, (1919), p 11 
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In the first case, if the central caibon is repr&ented 
by a Sphere, it would be difficult to arrange the atcans 
so as to represent two right and left-handed Isomers, 
as the figure could be rotated around the axis a — b 
without altermg its appearance, and any change in the 
relative positions of the Chlorme and Iodine atoms would 
be nullified by revolvmg the molecule m this way, the 
same would apply to the second case If however the 
central carbon has a tetrahedral form, it wiU be possible 
to exchange the positions of the Chlorme and lodme m 
the first case, and the Fluorme and Bromme in the second 
case, thus producmg m each case two isomers which 
will be mirror images of one another, and enantiomorph 
ism wiU result 

Compounds of this type appear to belong to a 
difierent class from the optically active compounds of 
3, 4 and 5 carbons which we are now considermg 

It may therefore be stated that the Theory of 
Atoimc Form agrees generally with the facts, m regard 
to the point at which the optical activity of carbon 
compounds commences 

A large number of Optical Isomers are known 
where it is clear that the isomerism is due to the trans- 
position of an atom or group fiom one side to the other 
of the molecule, even m some cases where no asymmetnc 
carbon atom is disclosed, such a compound is 1 methyl- 
oyclo-hexyhdene 4-acetio acid 


(b) CH, CH ~CH. H (c) 

\ / \ / 

c c-c 

/ \ /(4) (7)\ 

(a) H CHg— CH^ CO,H (d) 
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TEis substance is discussed m a paper read before 
&»^!tion B of the British Association at Portsmouth 
(1911), by Wra H Perkin and Wm Jackson Pope ‘ 
The synthesis was described and the substance 
resolved into its right- and left-handed isomers 

The writers of the paper decided that the groups 
marked (a) and (b) do not he in the plane of the paper, 
but m a plane at right angles to the six carbon atoms 
formmg the rmg Similarly the two carbons at the 
other end of the ring marked (4) and (7) are m the same 
plane as groups (a) and (b) but the two groups (c) and 
(d) are again m the same plane as the paper 

If a model is made of this molecule, using carbonoids 
to represent the carbon atoms, the form presented will 
shew all the features described above, and the right- 
and left handed configurations due to the positions 
occupied by the groups (c) and (d) relatively to the rest 
of the molecule will be made evident If the positions 
of H(o) and C 03 H(d) aie mterohanged, we get the mirror 
image of the ongmal figure and the two optical isomers 
are produced 

The authors of the paper have described this con- 
figuration as “ centre asymmetric ” They state that 
compounds of this type open up a wide field of enquiry 
It 18 submitted that — ^whatever view may be held 
with regard to the Theory of Atomic Form — ^it will be 
found that the use of models of carbonoids will facihtate 
the study of these more oompheated compounds, and 
enable the position m the molecule of the various groups 
to be more readily understood 


^ But Assoc Esports, Portsmouth, (1911), p 361 
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A Simpler case is that of secondary Butyl carbmol 
H H H ^ 

I I I 

H-C C C-OH 

(2) I I I (1) 

H I H 

H— C-H 
I 

H-C-H 

I 

H 


Heie the groups marked (1) and (2) maybe assumed 
to change places, and as the form of the chain of car- 
bonoids IS such that it presents an entirely different 
aspect ■when ■viewed from the other side, the result of 
such a change of position would be to produce two 
isomeis which would be related to one another, as an 
object and its muroied image It is possible that the 
two carbons may not be disturbed, the same effect 
bemg produced by the mterchange of Hydroicyl and 
Hydrogen 

Many other examples of Isomerism of this type 
might be quoted, m which it is unnecessary to assume 
any spiral formation of the cham of carbonoids — the 
optical actmty bemg due to a change m the position 
of the attached groups, ■without any alteration of the 
relative positions of the carbon atoms 

There remam, however, certam compounds of a 
different class m which there is considerable difficulty 
m ascribmg the existmg Isomerism entirely to a change 
in position of Hydrogen, Hydroxyl, or other groups m 
the molecule, and where it seems reasonable to suppose 
that the spiral form of the chain of carbons is mvolved 
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We now turn to the consideration of some of the 
t 5 ’-j)ical cases of compounds of this class containing four 
carbon atoms 

There are seven diffeient arrangements of four 
carbonoids possible, as shewn m Figs 46a and b, 47a 
and b, 48, 49 and 50, pp 72a and b If an additional 
carbonoid be added to one of the two groups of 
three carbonoids shewn m Figs 44a and b, p 72a, six 
new figures are produced, viz Nos 46a and b, 
47a and b, 49 and 50 In Fig 46a and b the spiral 
chain is continued m the two mirror image forms, 
and m Fig 47a and b two isomenc forms are 
produced of opposite configuration, but m Figs 49 
and 50 the enantiomorphous configuration disappears, 
and these Figures may be derived from either 44a or 44b, 
with the same result 

In the same way, the addition of a smgle carbonoid 
to either of Figs 44a oi 44b, if attached to either of the 
sides of the concave pair of faces of either a or b forms, 
will pioduoe Fig 49, in which again the spiral con- 
figuration has disappeared 

A smgle carbonoid can be added to Fig 45, p 72a 
m four ways if it be attached to one of the end carbon 
Olds two figures are produced either 47a or 47b, which are 
mirror images of one another , if attached to the middle 
carbonoid on either side Fig 50 will be produced 
Fig 48 IS produced by adding one carbonoid to the 
base of No 45 on either side 

All the seven forms of four carbonoids can be pro- 
duced by different arrangements of Ethyloids except 
Fig 50 
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In the present state of our infoimation regarding 
chemical transfoimations, theie appears to be nothyig 
to be gained by attemptmg to trace a correspondence 
between the changes of form effected by the addition 
of one carbonoid, as above stated, and the differences 
in form of compounds of three or four carbons The 
compounds contaming foui carbons are mostly derived 
from the analysis of coal tar or from natural products, such 
as the acids of grapes and other fruits The single carbon 
atom IS not usually available, except m the saturated 
condition, and when changed to a nascent state by the 
loss of Hydrogen, it immediately forms a compound 
containing two or moie caibons m the molecule 

But m whatever way the compounds of four car- 
bons are formed, the caibonoid furnishes us with seven 
different configurations, some of which may have no 
counterparts in any compounds at piesent known, but 
others can fairly be assigned to well-lmown substances 

In order to hunt the scope of this enquiry, we propose 
to oonsidei certam typical cases of compounds contam- 
mg four carbons only, viz — 

—A— — B— 

1, d — and i — Mahc Aoid Ciassulaic Mahc Acid 

HO H 

I I 

HOOC-C— O-COOH 
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—A— — B— 

’’8 d — and — I Tartanc Acid Mesotartanc Acid 
OH H 
1 1 

HOOC-C— C— COOH 
I I 
H OH 

3 Fumanc Acid Maleic Acid 

H H 

I I 

HOOC-C-C-COOH 

I I 

4 Crotonic Acid Isocrotonio Acid 

H H H 

I I I 

H-C-C-C-COOH 

I I I 

H 

Each of the above four groups exhibits an Isomerism 
with well maiked diSerences between the Isomers, A and 
B, affectmg both their chemical and physical character 
istics, including melting point, etc , and m addition, Nos 
1 and 2 shew also another kmd of Isomerism in which 
the two isomers while agreemg m nearly all then 
characteristics, are distmguished by the power of de- 
flectmg the beam of polarised hght — by one isomer to 
the right and by the other to the left 

Although there are difficulties to be met by any 
theory which seeks to explam this isomerism it is pro- 
posed to submit the suggestion that the carbon frame- 
work of aU these compounds diffeis in its configuration. 



e g , dextro Mahc Acid differs from Isevo Malic Acid 
and these two agam differ from Crassulaic Mahc A»id, 
these differences bemg due to the ariangement of the 
carbon atoms withm the molecule, which can be re- 
presented by differences m the arrangement of the four 
carbonoids 

The Carbon framework of the compounds appearing 
m Col “ B ” above may be represented by one or more of 
Figs 48, 49 01 50, pp 72a and b, and the optically active 
isomers m Col “A,” Mahc Acid and Tartaric Acid may 
be represented by the right- and left handed forms shewn 
under Figs 46a and b, or 47a and b If this suggestion 
IS accepted the opposite and equal optical activity of 
the two isomers will be satisfactorily explamed, without 
having recourse to any assumptions with regard to 
the positions of the attached atoms of Hjdroxyl and 
Hydrogen 

At the present time the pecuhar Isomensm with 
which we have to deal,m the Malic and Taitaric Acids 
is attnbuted to the position in the molecule of the 
Hydroxyl or Hydrogen groups and to certain alleged 
changes m the directions along which the mutual 
attractions of the carbon atoms are supposed to operate 

Van’t Hoff and Le Bel have also expounded the 
law that optical activity depends upon the presence in 
the molecule of an asymmetric carbon atom, and al- 
though some exceptions to this law have been dis 
covered, it must be considered as holdmg good as a 
general rule 

The theory of Atomic Form attributes this nght- 
and left-handed Isomensm to alterations m the form 
of the carbon framework, although it seems highly 
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probable that all such alterations are accompanied by 
changes m the positions occupied by the Hydroxyl and 
Hydrogen m attachment 

It has been assumed that the tn o isomers which re 
present the dextro and Isevo modifications are distin 
guishable from one another by a difference in the 
aiTangeraent of the attached atoms or groups, and that 
a further change in the positions of these groups is 
the cause of the additional Isomei such as Ciassulaic 
Maho Acid and Meso taitaric Acid In Mahc Acid, 
however, it is impossible to provide thiee different 
airangements of the Hydroxyl group In the formula 

COOH 

I 

HO-C-H 

1 

H-C-H 

1 

COOH 

if it be allowed to rotate the molecule m the plane of 
the paper, and also around its longer axis, no effective 
variation can be made If however only one change of 
position IS allowed, viz , a rotation in the plane of the 
paper, two different formulae can be designed, viz — 

COOH COOH 

I I 

HO— C— H H— C— OH 

1 1 

H— C— H H— C— H 

I 1 

COOH COOH 
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This leaves us without any further rearrangement 
possible — ^for Orassulaic Mahc Acid — and even these 
formulae are based upon the assumption of a difference 
m form between the back and fiont of the molecule, 
which IS consistent with the view that the carbons 
have a definite geometric form, but which would not 
be appropriate, if the carbon is represented by a spheie 
— with equal attractions in four different directions in 
the plane of the paper — which case, rotation around 
the longer axis would be possible To meet this 
diffioulty the followmg formulae have been designed — 


I 

II 

III 

COOH 

COOH 

COOH 

HO-C-H 

HO-C-H 

HO-C-H 

HOOC-O-H 

H-C-COOH 

H-C-H 

1 

H 

1 

H 

COOH 


Formulae I and II suggest that the Isomerism is 
due to a change m the position of the end carbons, and 
the formula is stated m such a way as to mdicate a 
bend m the carbon cham to the right or left and in 
some measure accords with the theory of atomic form 
Stewart, in “Stereochemistry,” after settmg out the 
“ physical and chemical differences between common 
Mahc Acid and Orassulaic MahcAoid,” wiites as f oUows — 
“ To account for this, it has been supposed 
that Mahc Acid actually exists m three configura 
tions (as shewn above), but this does not explain 
the effects which it produces upon the plane of 
polarisation The question of the Iso- 

merism IS undecided at present 
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“ Many other instances are known of isomeiiem 
« ^ for which our current views offer no explanation, 
and it seems advisable that further mvestigations m 
these fields should be carried out, in order that 
more facts may be accumulated 
In explanation of the thiee foiinulae on the preceding 
page, it is repiesented that they are projections of the 
Tetrahedral Models of Vaii’t Hoff — Malic Acid being 
represented thus 

I II III 



Here there are three possible arrangements, which 
aie alleged to represent the two d — and 1 — modifications 
and Crassulaio Mahc Acid 

The question arises what meaning is to be attached 
to these formulas Van’t Hoff does not suggest 
that the atoms of Carbon have a tetrahedral configura 
tion he states that the molecule is a “stable system of 
material points,”^ and he gives the extract from 
Pasteur’s writings, quoted on p 73 The carbon atom 
IS represented as situated in the centre of a tetrahedron, 
from which its four affimties or bonds are directed to 
the four corners of the tetrahedron 

‘ Stewart, “ Stereocheimstry,” 2nd Edition, (1919), p 240 
' The Arrangement of Atoms in Space,” Van’t Hoff, 2ncl 
Edition p 5 
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Later investigators generally have not materially 
varied these conceptions, and modern Text Boplts 
contain statements baaed upon similar conceptions of 
the carbon atom 

Cohen writes (1907)’^ — 

“ The internal motion of the atoms may be 
disregarded, and the centres about which they 
oscillate considered as a statical system of material 
points How far the modern views of valency fit 
in with the idea of material points, whether the 
Valency of Carbon takes the form of a force acting 
m four directions, or of one evenly distributed over 
the atom , whether it is determined by a tetrahedral 
figure of the caibon atom or depends uxion the sub- 
division of the atom into smaUei parts, it is not our 
intention to discuss ” 

Stewart, in Stereochemistry (1919),® says — 

“ Many investigators have endeavoured to explain 
the origin of the tetrahedral grouping by assuming 
that tho carbon atom is a material body of a certain 
shape and size It is not necessary to deal with 
these views here ” 

A large number of references are, however, given 
to the writings of foreign chemists 

* Cohen’s “Oigamc Ghemutiy," (1907), p 67 
^ Stewart’s “ Steieockemiatry," 2nd Edition, p 4 
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Aliy student who attempts to form a mental image 
o^, the structure of the molecule of Malic Acid is con 
fronted with a difficult task, — he must imagine the 
carbon atom a system of material points, assumed to be 
held in its place in the molecule by forces acting through 
the points of a hypothetical tetrahedron, but which 
nevertheless must not be considered as being a body of 
any definite shape 

The back-bone of the molecule of Make Acid 
is clearly the chain of four caibon atoms, which appears 
in the Tartaric, 8uccinic and Crotonic Acids and 
in Fumaric and Maleic Acid, but these atoms are 
supposed to be united in the middle of the chain in such 
a way that lotation of the two upper carbons takes 
place aiound an axis passing through the points of tw'o 
tetrahedra , no consideration being given to the method 
of umon between the two carbon atoms forming the 
upper and lower halves of the molecule 

In the place of these conceptions, the Theory of 
Atomic Form places before us a carbon atom of a certain 
shape, which naturally and inevitably combines to form 
two kinds of carbon chains, related to each other as 
object and image, the optical isomerism being consid 
ered as due to the configuration of the carbon chain, 
with or without any modification m the positions of the 
attached atoms or groups 

It may be acknowledged that the tetrahedral coii 
ception which we owe to Van’t Hoff and Le Bel has 
helped forward the study of optical Isomerides, but it 
IS also true that a step forward is needed to enable clear 
and deflmte conceptions to pievail 
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We are therefoie unable to accept the abovfe three 
fornmlse (p 85) as a correct representation of tfce 
arrangement of the atoms in the two optical Isomers 
of Mahc Acid, and in Crassulaic Mahc Acid, which 
differs so markedly from them both 

With regard to the dextro and leevo forms of 
Tartanc Acid and Meso-tartaric Acid, the usual formulee 


are as follows — 

I 

II 

III 

Dextro 

Lsevo 

Meso 

COOH 

COOH 

COOH 

H-C-OH 

HO-C-H 

HO-C-H 

HO-C-H 

H-C-OH 

HO-C-H 

COOH 

COOH 

COOH 


These formulee are open to the objection already 
stated in connection with Mahc Acid 

There are considerable differences both ohenncal 
and physical between the ordmary Tartaric Acids and 
the Meso-tartanc type, while the differences between 
the dextro and Irevo forms of the Acid are hunted 
to the effect produced upon the ray of polarised hght 
and the form of their crystals It is subnutted that, 
with such material differences as are shewn to exist 
between the ordmary Tartaric Acid and the Meso type, 
it IS moonsistent to assign to the latter such a shght 
change in the arrangement of the constituent atoms as 
is shewn by the formula stated above , or if the large 
difference between the optically active and the Meso 
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Form i*! properly repi esented by the change m the position 
ofpOne of the Hydroxyl groups — it is then inconsistent 
that the comparatively slight difterence of character 
between the doxtro and Isevo modifications should 
also be represented by a similar change in the position 
of both Hydroxyl groups as shewn in the foimula 
The isomerism of the dextro and Icevo forms of Tartaiic 
Acid IS entirely difierent in character from that of 
Meso-tartaric Acid and calls for a well marked difference 
in the struotuie of the Meso as compared with the 
Racemic type 

These difficulties are entirely remo\ ed if the modi- 
fications m the carbon chain shewn m Figs 46a and b, 
47a and b and Figs 48, 49 and 50, pp 72a and b are 
adopted 

On the other hand, it is at first sight somewhat 
difficult to assume that these modifications of the carbon 
cham can be made with the comparative ease which 
appears to be mdicated m some of the reported reactions 

By the Walden Inversion — l<^o Maho Acid can 
be converted, by the action of PC1„ mto deabo-Chloro 
Sucomic Acid, and this agam by the action of AgOH mto 
dextro-Mshc Acid, thus effectmg the change from the 
IcBvo form of Maho Acid into the dextio form — and 
this change is reversible If the theory of Atomic Form 
be adopted, this involves a change m the arrangement 
of the carbon framework from Fig 46a to 46b This 
does not seem so unhkely when the magmtude of the 
molecules takmg part in the reaction is borne m mmd 
— PClg =208, AgOH=125 It seems fair to assume that 
the addition of a chlorme atom and its subsequent 
removal may be responsible for a rearrangement 
G 
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of the carbon atoms m the molecule, the amount of 
change m the carbon framework of the molecule berfig 
comparatively shght as we shall shew presently 

A greater difficulty arises however when we con 
Elder the statement that Make Acid is Isevo-rotatory 
in dilute solutions but becomes dextro-rotatory when 
the concentration is mcreased^ Stewart adds 

“ In this case no change of configuration can 
be assumed , and it is evident that configuration 
and sign of rotation do not necessarily go hand in 
hand ” 

Cohen,® commenting on this pecuharity of Make 
Acid, says 

" The change of sign m the rotation of Maho 
and Tartaric Acids has been attributed to 

the presence of molecular aggregates in the con- 
centrated solution of opposite rotation, ]ust as 
crystal aggregates of a compound have been found 
which differ m sign from their solutions Imperfect 
- electrolytes, hke the orgamo acids, exhibit ui 
solution a series of changes which depend generally 
on the degree of dissociation 

“ The extent of dissociation is increased by 
dilution and by rise of temperature, with a corres- 
ponding numerical change m rotation ” 

It IS scarcely possible on the strength of these 
mstanoes alone, to give up the view so long held, that 
a change m optical rotation is associated with some 
rearrangement of the atoms comprised in the molecule 

* Stewart — “ Stfreocliemetry,” 2nd Edition, (1919), p 69 
“ Cohen — “ Orgamo Chemistry, ’’ 2nd Edition, Part II 
Structure, p 231 
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This View IS stiongly supported by the facts regarding 
As separate ciystalhsation of the dextro and lasvo 
modifications and the right- and left handed forms of 
the crystals 

The existenee of this enantiomorphous configuration 
of the crystal, pomts to a difference in the method of 
airangement of the molecules in the crystal, which is 
beheved to be associated with a difference in the con- 
figuration of these molecules If the molecular forms 
are identical and the change of sign of rotation is inde 
pendent of configuration, it is difSoult to see how two 
equal and opposite forms of the crystal can be obtamed 

If it be conceded that the molecule of an optically 
active isomer has a configuration which is the mirror 
image of the other isomer into which the compound is 
divisible, the question arises whether this form is due 
to the arrangement of attached groups, such as Hydroxyl 
or to an enantiomorphous configuration of the carbon 
framewoik of the molecule or to both causes together 

A study of the models shewm m Fig 46, p 72b, 
shews that the two forms are so exactly ahke m all 
respects, except that one has a right-handed and the 
other a left-handed configuration, and they appear to 
lend themselves so easily to the building up of two 
equal and opposite crystalhne forms, that it is difficult 
to reject the view that m these models we have an 
explanation of the phenomenon of optical activity 

The law of Van’t Hoff and Le Bel and the persistency 
with which the presence of an asymmetric carbon atom 
m the molecule is associated with optical activity is 
partly explamed by the foUowmg considerations 
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In the cases of carbon chains of 3, 4 and 5 carbons, 
nearly all the active compounds possess an Hydrosjd 
group, 01 some other atom or group of considerable 
size, the presence of which on one side of the cham 
and of a Hydrogen atom on the other side appears to 
be associated with optical activity, such an arrangement 
of the attached atoms and groups may probably be 
associated with the spiial character of the cham of 
carbonoids , it naturally leads to the existence of an 
asymmetric carbon atom 

As soon, however, as the Hydroxyl is removed, the 
optical activity disappears This is the case with 
Suooimc Acid, Fumaiic and Maleic Acids and the Crotomc 
Acids Sucomio Acid is saturated with Hydrogen, but 
m the othei Acids there is the difference between a 
Hydrogen hnkage on one hand and an unsaturated 
condition on the other — a difference which might be 
expected to lead to optical activity in the Isomers, but 
none has been observed 

It should be noted that m these optical Isomers, 
there are two conditions to be fulfilled in order that 
optical activity may be evident 

(1) The compound must exist m two optical 

Isomers 

(2) Means must exist whereby a separation of the 

two optical Isomers can be made 

It is suggested that the presence of the Hydroxyl 
or other large group m the molecule renders the separa- 
tion of the two Isomers possible, no separation takmg 
place when the only difference is m the form of the 
carbon cham or a difference m arrangement of the 
attached Hydrogen 
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So long as no separation has been effected either 
liming natural development or by aitificial means, no 
optical activity can be discovered 

CHANGES IN THE CARBON PRAMEWORK 
It is clear that the form of the carbon fiamework 
must be subject to change in some oiroumstances, for 
instance, the foEo-wmg changes are recorded — 

1 Malic Acid on heatmg produces both Fumano 

and Maleic Acids, the particular Acid 
produced depending upon the temperature 
employed and the method of heating ^ 

2 On oxidation, Fumatic Acid pioduces Tartaric 

Acid and Maleic Acid produces Mesotartanc 
Acid ® 

3 When acid is added to Sodium Thiosulphate 

in piesence of Maleic Acid, Pumaric Acid is 
produced ® 

4 When Broirune acts upon Maleic Acid, Isodi- 

bromo-suocimo Acid is formed * 

5 When Biomine acts upon Fumano Acid, 

Dibromo-succinic Acid (meso form) is pro- 
duced 

* Holleinan — " Text Bool of Oiganic Chemistry" Fifth 
Edition, p 211 „ . 

1 Holleman— “ Text Bool of Organic Ghemwby, Fifth 
Edition, p 244 

= Stewart — “ Stereorhemisti y," 2nd Edition, p 122 
Stewait — “Stereochemistry," 2nd Edition, p 116 
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6 Both Fumanc and Maleic Acids yield SufeSuuc 
Aoid on treatment with Sodium Amalgam and 
Water, and both Acids may be transformed 
mto Mahc Acid by heatmg with water at a 
high temperature ^ 

The diffoiences in oharactei of Fumanc and Maleic 
Acids indicate that one of them (probably Maleic Acid) 
has the mdivisible form Figs 48,49 oi 50, pp 72a and b, 
and that Fumanc Acid has the same configuration as or 
dinaiy Mahc Acid and ordmary Tartaric Acid If this be 
so, the oxidation of Fumanc and Maleic Acids and the 
production of the two forms of Tartaric Acid would be 
accounted for Fumanc Acid however has never been 
divided mto dextro and Isevo foims A similar absence 
of optical activity is observed m oidmary Crotonic 
Acid and Succimc Acid 

The models which at first sight appear most suitable 
to repiesent Fumanc and Maleic Acids are Nos 48 and 
49, which have somewhat similar forms and can easily 
be converted and re converted from one form to the 
other It would be satisfactory if we could assign the 
two faces occupying the opposite sides of the concavity 
to the two unoccupied faces of the molecule, but if this 
is done the formulse of these acids would have to be 
altered to 

0 H H 0 

\ 1 I / 

— c— c-c— c— 

/ I 1 \ 

0 H H 0 


‘ Holleman — “Text Booh of Organic Chermstty," Fifth 
Edition, p 212 
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and there would be difficulty m airangmg foi the acid 
radicle COOH It is not improbable that the two 
opposmg sides of the concavity are occupied by the acid 
radicle and that the unsaturated faces are to be found 
on the two middle carbonoids 

On treatment with sodium amalgam and water, 
both acids would be broken in the middle at the position 
of the so-called double bond, and when reumted might 
produce a new form, say Fig 48, which would easily 
take up two atoms of Hydrogen with production of 
Succmic Acid 

No decision as to the models of Fumaric and 
Maleic Acids can however be made at present 

Of the Reactions enumerated above, Nos 3, 4 and 
5 seem to indicate that the airangement of the carbon 
framework of these acids can easily be changed from 
one form to another We shall now proceed to consider 
the extent of these intra-moleculai changes 

It has already been pomted out, p 79, that* the 
addition of one carhonoid to the two tri carbonoids 
which are associated as object and image. Fig 44a and b, 
p 72a, may produce six different forms of tetracarbon 
Olds, and that m some cases the group loses altogether its 
optical activity and produces one of the forms of carhonoid 
aggregates which is not associated with optical isomerism 
Similar effects can be produced by changes m the 
positions of the carbonoids m the groups of Tetra- 
oarbonoids shewn on p 72b Fig 46 (a) can 
readily be changed mto 46 (b). Fig 51, p 96, is 
a diagramatic representation of 46 (a) consisting 
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of two Ethyloids, united at the dotted line a — b, 
which represents a possible line of fracture <■ 'll 
then the molecule be broken along this hne and the 
two Ethyloids are turned as it the hne a — b were a 
hinge, then the face (c) would approach face (d) until 
a reunion of the two Ethyloid groups would take place 
by the attachment of (c) to (d) 

By this means a simdar molecule would be pro- 
duced, but it will have the reverse configuration, see 
Fig 52 



Fig 51 Fig 52 

Some alteiation in the position of the attached 
Hydrogen and Hydroxyl will be necessary, but this 
should not be difficult, if the forces at work on this 
molecule aie sufficient to break the carbon cham along 
the line A — B 

The position of the two acid groups CO OH will re- 
main unaltered 

This change corresponds to what may be expected 
to take place when Dextro Make Acid is converted mto 
the Isevo modification 
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A' diagram of the model 46a is shewn below 
Ssew Fig 53 If the end carbonoid marked x 
shifts its position to the face y by revolvmg around the 
pomt * so that b is at the pomt C and A at the 
pomt b, an entirely new figure, No 54, is produced, 
which imlike Fig 46, is free from enantiomorphism, and 
both 46a and 46b can thus be readily changed mto 
Fig 54 



The only change in the attached atoms is the 
removal of Hydrogen from the face ^ to a similar 
position on that face of the ad]ommg carbonoid pre- 
viously occupied by the carbonoid X 

The sohd angle which separates this face from the 
face y IS very obtuse, and the shdmg of the carbonoid 
from one position to the other can very easily take 
place 
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This change corresponds to what may be supposed 
to take place when the ordinary forms of Mahc Add 
de’ctro and Isevo are both changed into Fumario or 
Maleic Acid 

Many othei similar transformations can take place 
by the change of hnkmg of the oarbonoids or Ethyloids 
with comparatively shght changes of position m the 
caibonoid aggregate These can best be discerned with 
the help of a model, when the changes can be traced and 
the results seen, but sufficient has been shewn to illus 
trate the readiness with which the form of the molecule 
may be changed and the enantiomorphism lost or 
regamed 

Sufficient has perhaps been stated to justify the 
view that the new theory ought not to be put aside on 
the ground of the changes of form required m the 
oarbonoid aggregate 

It may fairly be argued however that the well 
known stabihty of the carbon cham lenders it unhkely 
that a change of stiucture will actually take place, 
such as has been proposed In this connection it is point 
ed out that m certain circumstances a carbon cham may 
be broken and the molecule decomposed — as an instance 
take Trimethyl Carbinol 

H,C 

\ 

H 3 O-C OH 

/ 

H_,C 

the Carbon framework of this substance being repre- 
sented in Fig 50, p 72a, which on oxidation breaks up 
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into substances with a smaller number of carbon atoms 
0»(iation of tertiary alcohols generally results m a 
breaking up of the molecule 

Anothei case of intramoleculai transformation will 
be found in the formation of Pinacoline 
{CHglg C CO CH^ 

(-«') ( 2 /) 

OH 

/ 

from Pinacone (CH,);, C(OH)— C— OH, 

here the methyl group is moved from C in Pinacone to C 
m Pinacoline (y) (i) 

According to the models (and assuming that the 
position of the carbonoids is accurately represented by 
the formulee) this change is due to a movement of a 
carbonoid, which involves considerable alteration in its 
position in the molecule and lesults in a difierent con- 
figuration of the carbon framewoik 

With legal d to molecules containing five or more 
carbon atoms, it must be pomtcd out that among the 
amyl alcohols there are two — secondary Butyl carbinol 
and Methyl Piopyl Alcohol — ^whioh are active com- 
pounds 

Of the other amyl alcohols theie are four m which 
the carbon frame-work is such that no enantiomorphous 
configuration is hkely, viz — 

Isobutjl caibmol 
Methvl isopropyl oarbmol 
Dimethyl ethyl caibmol 
Tertiary butjd carbmol 
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Diethyl Carbmol appears to have a form v^ich is 
inactive, although other forms can be designed winch 
would produce active isomers, but the latter appear to 
be probably unstable 

There lemams the normal piimaiy Amyl Alcohol, 
which appears to consist of a normal chain of Carbon 
with the Hydroxyl attached to the end carbon 

A simple chain of five caibonoids will have the 
spiral foimation and should exist m two active isomers 
The fact that the Hydroxyl group is attached to the end 
carbon 

H H H H H 
I I I I I 
H-C-C-C-C-C-OH 

I I I I I 

H H H H H 

may render the two isomers mseparable , it seems 
doubtful if any means at present exists for lemoving the 
Hydroxyl from one of the two isomers in preference to 
the other 

With regard to substances containmg six or more 
carbon atoms, arranged in a normal cham.suoh molecules 
should exliibit the spiral structure, and therefore should 
give nse to optical isomerism 

Compounds of six or seven carbons may exist m 
which the position of blanched chains may prevent the 
formation of a spnal chain, such as for mstance — 

C C 

\ / 

C-C— C 
/ \ 


C 
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IiTIiIhs case, if the compound is balanced so that 
the*a±tached atoms or groups on eithei hand are equal, 
no optical activity will arise, but in the case of a noiinal 
cham C— C— C — C— C — C— C — the carbonoids will be 
arranged in a spiial form 

It may be asked what foira aie we to assign to the 
normal chains in the well known Homologous series, 
the Paraffins, Olefines, Alcohols and Ethers 

With regard to the Paraffins, the normal chains of 
three or more caibons should be ananged m a spiral 
foimation, and the compound should evist in three 
isomeric foims, d, 1, and lacemic Is this the case ^ 
According to Holleman, optical activity existsmthe 
Petroleums^ when in the natural state The particular 
substance which gives this character to the mixture of 
Hydiooarbons which make uii Petroleum does not 
appear to have been isolated, and the optical activity 
may be due to some impuiity If, on the other hand, 
it IS established that some of the Paraffins and Olefines 
e'nst m two active isomers, the above question will be 
satisfactorily answered 

Some of the higher Alcohols may be expected to 
shew optical activity, but the pecuhar configuration of 
the Ethers does not seem to lend itself to this foim of 
Isomensm 


» Holleman—" Te-vt Book of Oigamc Chermslry,” Filth 
Edition, p 40 



CHAPTER X 

CONDENSED RINGS 

The consideration of those compounds which 
according to the usual formulss compnse two or more 
condensed Rmgs is a matter of special importance, 
because it is impossible to prepare combinations of 
Benzenoids -which -will represent these formulae T-wo 
Benzenoids in the same plane cannot be umted by 
havmg t-wo carbonoids common to the Wo rmgs 

At the outset this fact appeared to present a diffi- 
culty m the way of the acceptance of the theory of 
Atomic Eoim 

With regaid to Naphthalene the foUowmg 

is the usual tomula 



The consideration of the oxidation of a. Nitro- 
naphthalene and of a Naphthylamme and the oxidation 
of Qumolme to Quinolinic Acid on the one hand, and to 
a derivative of Anthramhc Acid on the other, appeared 
to justify the acceptance of the recognised formula 
for Naphthalene 

Moreover, the fact that Isoqumohne on oxidation 
yields a mixture of Phthaho Acid and Cmchomeromc 
Acid seems conclusive on this point 






Fig 55 

Naphthalenf 

YLBNB showing Di ethyloid Group 


0 Xyei 
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V 

OiircliomeiorLic Phthalic 

-» 1 Aoid Isoqumoline Acid 

OOOH 
COOH 

The formula for Isoqumoline is C^H^N, and the 
Nitrogen atom forms part of the Emg B which persists 
in the formula for Cmchomeronic Acid, while Eing A, in 
which there is no Nitrogen, gives rise to Phthaho Acid 

Furthei consideration of the models shews however 
that an arrangement of 10 carbonoids can readily be 
made, in which two groups of four carbonoids each are 
united by an ethyloid as in photograph shewn in 
Pig 55, p 103a 

It IS suggested that this photograph gives a faithful 
representation of the f oimula of Naphthalene, which may 
be represented thus — 
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Naphthalene would thus appear to have the came 
configuration as the tetracarbonoid shewn in Eig„^, 
p 72b, and which will in future be described as a di- 
ethyloid 

Naphthalene may be compounded of five ethyloids 
arranged so as to produce one molecule of the form 
shewn above As explamed under Cyclo-pentane, 
chapt XI the group of two ethyloids or four carbonoids 
shewn in Fig 49, leaves a gap between the two end car- 
bonoids approximately equal to another carbonoid It is 
this gap that is fiUed by one of the carbonoids of the 
central ethyloid group, the other carbonoid of the 
ethyloid carrying another Di-ethyloid group similar to 
the one first mentioned and depicted m Fig 49 

The gap m the Di ethyloid Emg fits almost exactly 
to the carbonoid and will certamly make a stable 
arrangement almost equal in stabihty to a Benzene 
Emg 

^The eight Hydrogen atoms fall naturally mto their 
places 1 to 8 as marked m the above formula, and there is 
no opportunity for attachmg any other Hydrogen atoms 
except on the other side of the molecule, which, as in 
Benzene, is unsaturated 

This formula is also apphcable to isoqmnohne 
and accords with the results of oxidation as shown 
above When the isoqumohne molecule is broken up 
one di- ethyloid is removed and the other di ethyloid 
plus the ethyloid which is common to the two rings will 
form a Benzene or pyridine Emg without changing 
the positions of the attached Hydrogen , but a general 
rearrangement of the carbonoids is necessary The 
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clianges necessary to efEeot this and the positions in 
thei jjaoleoule retained by the attached Hydiogen are 
difficult to describe, but can readily be appieciated 
with the help of the models 

The monosubstitution products of Naphthalene are 
divided into two senes, a and (3, the former bemg cases 
where the substitution takes place on a caibon atom 
directly linked to the adjacent Bmg, 1, 4, 5 or 8, and 
the (3 series representing those m which substitution 
takes place at 2, 3, 6 oi 7, see formula, on page 103 

The formula foi Napthalene, Fig 56, p 103, shews 
that the occupied faces are divisible into two senes 
aoooiding to the position of the carbonoids, Nos 1, 4, 
5, 8, bemg situated close together in the centre of the 
molecule, and No 2, 3, 6, 7 occupying positions further 
removed from the centre 

The synthesis of Naphthalene from Benzene Vapour 
by passmg it through a white hot tube is quite consistent 
with the configuration shewn above 

It IS clear that the rise of temperature mvolved m 
this synthesis is sufficient to break up the Benzene 
Ring into three Ethyloids, many of which will recombme 
in a different way so as to produce the molecule of 
Naphthalene We have already noticed the great 
stabihty of the Ethyloid, and it is improbable that 
the rise of temperature in a white hot tube will be 
sufficient to break up the Ethyloids mto single carbon 
Olds , if, however, this breakmg up should take place, 
the Ethyloids would be re-formed as soon as the tempera 
ture IS lowered 



106 


ATOMIC POBM 


Another synthesis of Naphthalene is from o-Xylylene 
Bromide r «■ 

CH,Br 

/ 

\ 

CH,Br 

This compound, when freed from the two Bromine 
atoms, presents the curious feature that the two CH„ 
groups m combmation with two of the carbons of the 
Benzene Emg form a group of four carbons and in 
representmg this group by our models, we find that it is 
arianged relatively in the same way as the Di ethyloid 
Group, see the photograph, Fig 58, p 103a 

o-Xylylene may therefore be represented by the 
foUowmg formula 



Di ethyloid 
Group 


Fxg 67 

The dotted lines represent the probable lines of fracture 
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•The reactioiis which subsequently take place during 
thse^ynthesis of Naphthalene involve the use of the very 
largo molecule of tetra disodio ethane-tetra carboxylate 
and appear to be sufficient to distuib the stabihty of the 
Benzene Ring causing a rearrangement in the form 
required to produce the configuration shewn in Pig 55, 
p 103a 

It IS also noticeable that it is only the ortho com- 
pound which IS capable of producing the di ethyloid 
group In the meta and para compounds no such 
gioup will arise , this feature also corresponds mth the 
fact that it IS only the ortho xylylene that can be used 
to synthesize Naphthalene 

Another synthesis of Naphthol, a derivative of 
Naphthalene, is from Phenyl Vmyl Acetic Acid There 
are five acids isomeric with Vmyl Acetic Acid of the 
formula C^H^jO^ibut there are only four formulsa avail- 
able for representmg them It seems probable that one 
or more of these acids differ from the other isomers in 
the arrangement of the carbon framework, and may have 
the form of the di-ethyloid If this be the case the 
formation of Naphthalene from this compound is a 
confirmation of the suggested configuration 

The oxidation of Naphthalene to Phthalio Acid 
seems to point to the existence of a Benzene nucleus as 
part of the molecule , this however is not certam 
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The follo-wing quotation from Cohen’s '.Text 
Book of Organic Ohermstry points to the possibilySiy 
of a constitution for Naphthalene in which the con- 
stituents, although not forming a Benzene Ring, are 
readily convertible mto such a group — 

Does the formation of Benzene derivatives 
from Naphthalene, and both Benzene and Pyndme 
derivatives from qmnohne and isoquinohne, necess- 
arily imply the pre existence of these nuclei m the 
origmal compound ^ 

“ Although at first sight an afBrmative reply 
to the question appears the most simple and obvious 
one, Bamberger has shewn that there are many 
experimental facts which are opposed to it, and he 
prefers to regard all three compounds as represented 
by a rmg of 10 atoms, in which the 4th Carbon or 
3rd Nitrogen bonds as the case may be, are directed 
"towards the centre of each nucleus ” 

The Theory of Atomic Form does not make it 
necessary to account for all the unoccupied faces of the 
molecule, and allows for some of these to remam un- 
saturated both in the Benzene Ring and m Naphthalene, 
the position of the molecules in space and their rotational 
movements bemg considered to be sufficient to account 
for the unsaturated condition of the molecule 

' Cohen — •" Organic Ohemistry," 2nd Edition, Part III , 
p 283 
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ANTHRACENE AND PHENANTHRENE C, 

<* -The recognised f ormulse for these ti?o compounds aie - 



Except as regards the first formula for Phenanthrene 
theie IS a difficulty m representing these f ormulse by the 
models of the Benzene Ring, as they involve the con- 
densed Ring system 

As regards Anthracene, a simple formula of two 
benzenoids hnked together by two carbonoids supphes 
a model of this compound, in which, however, there is 
no hydrogen attached to the two central carbonoids 
which form the link between the two Benzenoid Rings 
See the following formula 
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The synthesis of anthracene from benzene and 
tetra-bromo-ethane is consistent with this model o©n 
removal of Bromine from the tetra-bromo-ethane 
there remains a single Ethyloid which without change 
can form the link between two Benzene rings, but which 
would have to be broken up into smgle carbons in 
order to hnk together these two rmga m two places 

The Hydrogen attached to this Ethyloid appears 
to be removed by the Bromine , this may quite pro- 
bably be the case, leavmg five atoms of Hydrogen m 
attachment to each of the two Benzene rmgs This 
arrangement of the Hydrogen is at least quite as pro 
bable as that proposed in the condensed ring formula 

The production of Anthraquinone by oxidation of 
Anthracene will result by the attachment of two oxygen 
atoms to the two Benzene rmgs, reducmg the number 
of Hydrogen to 8 

The point of difficulty is whether the hnk consists 
of two carbons in the ortho position or not , the synthe 
SIS of Anthraqumone from Phthahc Anhydride and 
Benzene may be considered as fumishmg proof of the 
existence of two carbons m the ortho position, but the 
evidence does not appear to be conclusive on this point 


PHENANTHRENE 

The existence of a condensed ring m the con- 
stitution of Phenanthrene is certamly a matter of doubt 
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Stilbene CH— 

* * (a) II 

the two carbons which connect the two phenyl groups 
are not hnked to them in two positions having regard 
to the number of Hydrogen atoms attached to these 
groups The red hot tube enables the compound to 
throw oS two Hydrogen atoms, which may be with- 
drawn from the hnk 0 ,H, or from the rings, reduomg 
them to CgH^, but there is no evidence that the C^Hj, 
IS hnked to two places in each of the imgs, and the 
facts with legard to the addition of Bromine and 
Oxygen to the hnk seem to negative the view that there 
is a third ring m Phenanthrene 

It IS suggested that this compound may be a 
diphenyl with two caibons attached, m which case the new 
formula for Phenanthrene would be expressed thus — 
Carbonoid Cerbonoid 


Benzenoid 


Fig 60 

CH-0„H^-C^H^-CH 
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When Stilbene Vapor is passed through the red 
hot tube it IS suggested that a fracture takes place ’’at 
the point (a) and that the two phenyl groups after 
losing two Hydrogen atoms, unite to form a group of a 
diphenyhc character 

CH CH 

I I 

CoH^ 

There is no attachment between the two oarbonoids 
at 0) which meet at their edges and the molecule would 
be likely not to be very stable It molts at 96°, Anthra- 
cene 213°, and dissolves m Alcohol more leadily than 
Anthracene 

We do not consider however that m this case the 
carbonoid model accords m all respects with the mole- 
cule of Phenanthrene, and we think that the form of 
the model must be reserved for further consideration 

Other models can be prepared representing m 
different forms the complete aeries, from Naphthalene 
to Chrysene CjgHjjj, but they do not accord 
with the accepted formulae, and there are some pomts 
of difdoulty in connection with them which cannot at 
present be explained It therefore appears to be best 
to await further knowledge in connection vith the 
subject of this chapter 
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CYCLIC COMPOUNDS 

The Heterocycho compounds, contaming other 
elements such as Nitrogen, Oxygen, Sulphur, etc , are 
considered to be outside the scope of this work, winch 
IS confined to carbon compounds 

The substances with 'which we piopose to deal are 
therefore — 

Cyclo-Propane 

Cyclo-Butane 

Cyclo-Pentane 

Cyclo-Hexane 

also the highei cychc compounds, Cyclo Heptane and 
Cy do- Octane 

Cyclo-Hbxanb This is a Benzene derivative, re- 
presented so far as the carbon framework is concerned 
by the Benzenoid which has already been discussed m 
Chapter III 

It IS produced by mixmg Benzene vapor ■with 
Hydrogen over finely divided Nickel at a temperature 
of over 150°, also by the action of Palladium black on 
Benzene and Hydrogen, by this means combmation of 
Benzene and Hydrogen takes place — ^the compound 
clearly contams a six membered ring, and its configura- 
tion IS weU-known 
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Phlorogluoinol and Hexahydroxy Benzene mdy also 
be considered as being Benzene derivatives and havifig 
the Benzenoid configuration 

In the cases ot some other derivatives containing 
SIX carbons, the cyclic iorm is not so clearly indicated, 
and it seems possible that some of these compounds 
may be unsaturated — ^it is unnecessary, however, to 
decide this point, as our models provide for cychc forma- 
tion in the case of all compounds oontaming five or 
SIX carbon atoms 

Oyolo-Pbopanh With regard to oyclo propane 
and cyclo-butane, the oarbonoid aggregates are unable 
to form closed rings of 3 or 4 carbonoids only 

If we adopt the theory that as the carbon chain is 
lengthened it tends to bend round, so that its ends 
approach each other, until the compound contaimng 
five atoms is reached, the configuration of the cychc 
compounds of 3, 4 or 5 carbons can be illustrated by 
the foUowmg scheme — 



Fig 61 
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Fig 63a Fig 63b 

But these figures do not represent true cyohc configura- 
tions except in the case of the second form for Penta- 
oarbonoid, Pig 63b In this form we have a figure 
which IS ui reahty a closed ring It has already been 
referred to in Chapter X in connection with Condensed 
Rings Although the fifth carbon atom does not fill 
the space in the Ring with the exactitude of the carbon 
atoms m Benzene, yet it is almost a precise fit, and one 
which clearly prevents the existence of any unoccupied 
faces and must render the molecule stable 

In Pig 63a, there is more opportunity for mstabihty 
m the structure, but the two opposmg faces at the ends 
of the cham are m such a position that they wiU probably 
remam unoccupied by any atom larger than hydrogen 

The stabihty of cyolo pentane and its denvativea 
IS weU-known , it does not yield any addition product 
with Bromine, and is as stable towards Nitno and Sul- 
phuric Acids as a saturated Hydrocarbon It also re- 
sists boding with Hydnodic Acid, and is the most stable 
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of the cyclo-paraffins From the results now avfulable 
it may be said that in compounds of five or six carboift, 
we may have rmgs of much greater stabihty than those 
where there are a greater or less number of carbon atoms 
m the molecule 

Our models shew that it is only the aggregates of 
five or SIX carbonoids which are capable of true rmg for- 
mation, and that of the two forms the Benzenoid is the 
most stable, while the model of cyclo-pentane. Fig 63b, 
appioaches it in stabihty very nearly 

Let us now consider the evidence in favour of ring 
formation in the cases of cyclo propane and cyclo-butane 
The synthesis of the former is as follows — 

Allyl Alcohol CH ,-CH-CH 2 OH 

I ■ I 

-OH + Br 

= CH„-CH— CH,Er 

I ■ I 

+ H Br OH,Br-CH,-CH,Br 

by the action of sodium 2Br, are removed, leaving 
cyclo-propane CH — CH — CH„ 

I I 

this substance is not identical with propylene — 
CH,-CH-CH 
I I 

It has been assumed that the formula of cyclo-propane 
should be written thus 

CH, 

/ 

CH, 

\ 

CH, 
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but f. this synthesis is critically examined in the hght 
of the theory of Atomic Form, there will he found nothing 
to support the view that the above “ ring ” formula 
IS correct 

Those who adopt the theoiy of Atomic Form will 
also adopt the view that in carbon chains faces may be 
unsaturated, but such unsaturated faces will be always 
in pairs, either on adjoining carbonoids or on the faces 
occupymg corresponding jicsitions at the two ends of 
the carbon chain , the existence of these pairs being 
due to the configuration ot the carbon chain as explained 
in Chapter V undertheheadof“ Law of Even Numbers ” 

It has been already stated that the idea of a double 
bond must be rejected, and a pair of unsaturated faces 
substituted , the existence of unsaturation m these 
cases bemg justified by the consideration of the 
position of the faces in the cham and the probable 
axis of rotation of the molecule , moreover the readiness 
with which addition products are produced amounts 
almost to proof of the unsaturated character of these 
pairs of faces 

In the case of cychc compounds— cyclo-propane 
and cyclo-butane — ^it has been impossible to adopt the 
idea of a double bond, and it is submitted that in these 
oases chemists have had recourse to the idea of cychc 
formation in order to satisfy the current theories in 
regard to saturation and havmg regard to the differences 
in Chemical and Physical Charaotenstics between the 
cychc compounds and the isomeric Olefines 

If we adopt the theory of Atomic Form, we assume 
that these unsaturated faces are available for the forma- 
tion of addition products Cyclo-propane is acted upon 
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by Hydrochloric, Hydrobronuc, and Hydriodic ilcids 
and also by Sulphuric Acid, but it does not appeal; feo 
be acted upon as easily as its isomeric Olefine, for 
instance, it is not attacked by Permanganate, and 
Bro min e acts upon it slowly 

It will be seen on referiing to Fig 44a and b and 45, 
p 72a, that either of these figures may be chosen to repre- 
sent cyclo-propane If we adopt Fig 44a and b, we shall 
have to consider this substance as being a mixture of 
the right and left handed forms , this is possible, but 
the two active isomers have not so far been separated 
If we adopt Fig 45, we must not assume that the two 
co-planar faces at the base of the figure are unsaturated, 
as if this weie the case, two molecules would immediately 
join to form a Benzene derivative — cyclo-hexane 

There seems no reason why we should assume that 
the two co-planar faces are unsaturated The position of 
the Hydrogen may be as shewn m the following diagram 



Fig 64 


In the two isomenc forms. Fig 44a and b, we may 
assume that it is the two faces on the opposite sides 
of the concavity that are unsaturated , this would 
accord better with the features of cyclo-propane, as 
there imght be more difficulty m attaching addition 
products to these two faces than there would be m the 
case of the isomenc Olefine or m the case of Fig 45 
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-Tlie difEerences in cLemical and physical character 
ifftifis which separate propylene and cjclo-piopane are 
not very great, the principal difiEerence being in regard 
to Potassium peimanganate, for while Propylene reacts 
with this substance m dilute solution in contact with 
Sodium Carbonate, Cyclo propane does not react with 
Potassium permanganate Both compounds form addit- 
ion products with the Halogen Acids and with Sulphuric 
Acid , their Boihng pomts are reported as — 

Propylene — 48° 

Cyclo-Propane— 35° calculated 
Propylene adds on Biomine readily, but Cyclo propane 
slowly 

It must be admitted that there is considerable 
difficulty 111 deoiduig upon the configuration of cyclo 
propane as also in deciding which of the two Pigs 44 
or 45 should be assigned to it 

It IS submitted that if Pig 45 is adopted the differ 
ences in the structure of the carbon framework are 
sufficient to explain the differences in Chemical and 
Physical Characteristics, and if Pig 44 is adopted the 
position of the unsaturated faces on the opposing sides 
of the concavity would also materially affect the re 
activity of the compound 

Cyclo-butane This substance can be synthesized 
from Cyolo-Butyl-Carboxyhc Acid, but we do not find 
any direct evidence of the existence of a cycho 
formation 

It can be converted into cyclo pentane, but there 
dops not appear to be any evidence of the conversion of 
any of these substances mto compounds containing a 
Benzene Bmg 
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Cyolo-Pentake IB synthesized from Calcium ^Idi- 
pate, but there is no direct connection betw^e* 
this substance and compounds containing the Benzene 
Ring — the existence of a true rmg m this compound 
appears open to doubt Either of the two possible 
configurations shewn on page 115 may be adopted, 
and m the first case the two faces on opposite 
sides of the concavity will be so situated that addition 
products will be impossible The second configuration, 
Fig 63b seems, however, to be more in harmony with 
the stabihty of the substance 

Cyolo-Heptane and Cyclo-Octane In these 
compounds it is suggested that instead of a oychc con- 
figuration, unsaturation is indicated, the unoccupied 
faces being situated at the opposite ends of the carbon- 
oid aggregate 
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CONCLUDING OBSERVATIONS 

The question of whether any other Investigator . 
has already propounded any Theoiy of Atomic Form m 
connection with the Caibon Atom naturally deserves 
consideration 

It appears that some attempts have been made m 
this diiection by Chemists abroad, but the papers on 
the subject are only to be found m Foreign Journals or 
Pubhcations and no particulars aic to be found m those 
Text Books in this country to which the Author has 
access 

Much of what appears m the foregomg pages is 
the result of a study of models of the Carbonoid 
and its aggregates, and it is difficult to explam by 
drawings alone all the features of these aggregates , 
as it is only by mspection of the models and the groups 
of models that their pecuhar configurations can be 
reahsed It is submitted that some justification of the 
Theory of Atomic Form is to be foimd m the facts set 
forth in the preceding chapters, and that this view is 
supported by the way m which the carbon framework 
of the principal foimulss in which carbon takes a part 
are represented by groups and aggregates of the car- 
bonoid 
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It IS remarkable that the characteristics (»f the 
Ethylene group, and the Benzene Nucleus should be 
represented by models of carbonoid aggregates, "and 
that, at the same time, the right- and left-handed 
Isomerism and Law of Even Numbeis should find 
then illustration, and possible explanation, m the 
models of carbonoid chains, while at the same time tlie 
crystalline forms of sohd carbon are fully accounted for 
Triphenyl-methane, Condensed Rings, and Cycho Com 
pounds are considered, and suggestions are made with 
regard to the structure of these compounds 

The consideration of the orystalhzation of carbon 
compounds, such as Carbon Dioxide, Benzene, Naphtha- 
lene, etc , may lead to difficulties If the crystal form 
depends upon the configuration of the molecules of 
which the compound is composed, the models of the 
■oaibon framework should be of such a form that they 
can be built up mto a space lattice suitable for the re- 
quired crystal Very httle progress has however been 
made in this direction 

In the case of a smgle element where the form of the 
atom IS assumed, there should be no difficulty in formmg 
a suitable space lattice , but wheie more than one element 
IS mvolved m the molecule, as in the Hydrocarbons, 
we are met with the difficulty that we do not know the 
form of the other element nor what effect the Hydrogen 
or Oxygen of the compound may have on its power of 
crystaUisation 

It IS clear, however, that Oxygen possesses an 
umque power of hnkmg together other elements so as 
to form crystaUme compounds , the carbonates, sihcates, 
mtrates, phosphates, sulphates and other compounds 
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prov9 the large number of substances, with very- 
definite crystalline forms of which Oxygen forms a part 

It will be observed that throughout this book sym- 
bols representmg double bonds have not been generally 
employed , — unsaturated molecules being treated as 
ha-ving unoccupied faces It is of course impossible for 
any geometric sohd figure to be united to another figure of 
the same or similar form by more than one of its faces, 
but it IS quite hkely that where the attached atom is 
of large size, compared -with the atom to which it is 
attached, the base of the attached atom may extend 
beyond the face of the “ nucl&ar ” atom and may prevent 
the occupation of an adjommg face The question of 
whether a particular face of an atom is available for 
occupation by another “ attached ” atom -will depend 
upon the position which this face occupies m the mole- 
cule — the configuration of both the “ nuclear ” and the 
“ attached ’’ atoms, and sometimes on the axis of 
rotation of the molecule The mtroduction of the idea 
of geometric form, provides new possibihties affectmg 
the valency of the atoms 

With regal d to the formation described as “con- 
jugated” Double Bonds, of the form C=C — C=C oi 

H— C— C— C— C— H the addition of Bromine 

1 1 1 1 

H H H H 

takes place at Nos 1 and 4, thus 
Br Br 

I I I I 

H_C-C-C-C— H 

I I I I 

H H H H 
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the SO called double bond being removed to the pair of 
atoms, 2 and 3 above , this seems probable by reasofiof 
the size of the Bromine Atom, which in some circum- 
stances might be prevented from occupying the faces 
of adjacent carbonoids 

The existence of the four unoccupied faces m juxta- 
position IS accomparaed by an exaltation of the mole- 
cular refraction which disappears on the removal of 
the pair of unoccujned faces to the middle of the molecule 

In partial explanation of these features we notice 
that a tetracarbonoid model when viewed from one 
side, which we will call the fiont of the model, piesents 
two pairs of co basal faces, Nos 1 — 2 and 3 — 4, see 
Fig 46, p 72b, but on the occupation of Nos 1 and 4, 
the remaining faces 2 and 3 do not present a pair of 
faces in a satisfactory position to one another, the 
pair being separated by a considerable space 

Another view of the model from the back shews 
fom faces arranged as shewn in Figs 51 and 52, 
p 96 


On the occupation of the two faces at the top 
and bottom of the figure, being Nos 1 and 4 m the 
foregomg formula, there remams a pair of co-basal 
faces (unoccupied) in the nuddle, marked c and d in 
Fig 51, which may fairly represent the double bond in 
the centre of the molecule 

Without being confident that this is the correct 
solution of the problem, the carbonoid model shews 
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how a case of four adjacent iinsaturated faces may be re 
s8lVed into a single jiaii of faces on adjacent carbonoids 
united by the same base, and occupying the middle of 
the formula 

It IS possible to design forms for the various ele- 
ments with any number of faces from 4 — excepting 7 — 
up to at least 8, and the positions of these faces 
could be such as readily to give either 3 or 5 
“ available ” faces, 4 or 6, etc , and as we have 
already shewn, the faces available for attachment may 
be hunted to 1 or 2 

With regard to Cyclic Compounds, the point at 
issue in connection with these compounds (except those 
containing five or six carbons) is whether they are true 
ring structures or whether they have some other con- 
figuration, differing from the open cham compounds, 
in the form of the carbon framework and probably 
also m the ariangement of the attached Hydrogen 
It IS submitted that the variety of form of carbonoid 
aggregates enables a different carbon framework to be 
allotted to these compounds and thus provides for the 
differences ot character which are observed 

In compounds contammg more than six carbons 
symmetrical groups of carbonoids can be constructed 
which differ from the spiral chains allotted to the open 
chain compounds, but which may nevertheless represent 
cychc compounds Here agam the variety of form 
obtainable by different combmations of carbonoids is 
noticeable 
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The Theory of Atomic Form must accord with the 
olassifioation of the Elements under the Periodic iTafv, 
and it IS suggested that the various groups and sub- 
groups mto which the Elements are divided under this 
law are represented by different geometrical sohd foims 
which are either the same or similar for atoms comprised 
in the same group 

In some oases the form may be the same, but the 
size of the atom may be different owing to an enlargement 
of its dimensions In other cases while the main fea- 
tures of the geometno form are retained and the number 
of faces remams the same, a change in one or more of the 
dimensions will produce a somewhat different figure 
with a larger size A complete change of form inoludmg 
a larger number of faces may represent a change from 
one group to another 

In order to verify these assumptions it is necessary 
that the forms should be ascertained of a considerable 
number of the Elements, including those belongmg to 
the same group, a work of considerable difficulty 

Let us consider the case of Sihcon — the Element 
so closely alhed to Carbon and occupying the 
next place to it m Group IV m the Table It seems 
probable that Sihcon may have a similar form to Carbon, 
with a proportional enlargement of its dimensions 

It wiU be remembered that the face of the carbonoid 
IS an isosceles triangle, where A — — B — C Fig No 9 
Any alteration of A — will result in an alteration 
of the size of the sohd figure without altenng the form 
of the atom 
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■ It IS immaterial what the unit of measurement may 
b% * Let us assume that A — D, or B — C = 24, then the 
volume of the Carbonoid will be 1995 36 

Let us assume that the Sihconoid has a base and 
perpendicular enlarged by one-third, makmg it 24-f8 
= 32, then the volume of the Sihconoid will be 
4729 6853 

The volumes of these two figures should stand to 
one another m the same ratios as the atomic weights of 
Carbon and Sihoon The following is the result — 
Atomic Weight Calculated 
Mass of Mass of of Atomic Weight 

Carbonoid Sihconoid Carbon of Silicon 

1995 36 4729 685 12 28 44 

The atomic weight of Sihcon m the latest estima- 
tion available is 28 25 , an earher estimation gave 28 4 
The closeness of this result is noteworthy, but it 
must bo lemembeied that it has been obtained by an 
arbitrary addition of one-third to the base and per- 
pendicular of the caxbonoid, a simple proportion, but 
one for which there is at present no authority 

Attempts to arrive at the mass of Titamum by a 
Biimlar mcrease m the dimensions of the carbonoid, have 
not shewn any agreement with the Atomic weight, but 
this element cannot be regarded as closely associated 
with Carbon or Sihoon 

While an attempt has been made m this book to 
elucidate the form of the carbon atom, much difficulty 
and unccrtamty surrounds the theory of Atomic Form 
when apphed to other elements, and the consideration 
of these problems has necessarily been deferred 
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Any attempt to apply the Theory of Atomic "Form 
to the elements generally, brings us face to face -W^ith 
problems of some difficulty 

With regard to Atomic weight, Valency, and 
certain other properties, the first seven elements in the 
Periodic Table shew a sequence of some regularity, 
which points to the existence of a relationship between 
them by which each of these seven typical elements may 
be considered as dependent to some extent upon those 
which piecede and follow it in the table, as for instance 
in the case of the following pair of triplets 

MX Lithium 7 MX^ Carbon 12 

MXj Beryllium 9 1 MX, Nitrogen 14 

MXj Boron 11 MX^ Oxygen 16 

but notwithstanding this interdependence, the characters 
of these elements differ widely and in many important 
points — particularly melting point 

I'he Fluorine group starting at 19 stands alone, but 
appears to be related to the six preceding items 

There is another triplet — Iron 56, Cobalt 59, Nickel 
58 7, which fiUs an unique position m the table, and 
cannot be considered as being related m any similar way 
to the other members of the table, and in addition there 
IS the Hehum-Neon group, making eight groups in aU 
which start from elements of low Atomic weight, and 
three that start from Iron and its congeners Hydrogen 
stands alone and cannot very well be considered in our 
present state of knowledge as being associated with any 
one of these groups 
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Can, each of the interdependent elements have 
ef separate geometric form of atom, on winch its 
characteristics depend ^ If so, there must be some 
prmciple involved which is apphcable to all the eight 
elements and which ordains the regularities which are 
observable At present we do not understand how 
these separate Forms can be allied to one another so as 
to produce the regular increments of Atomic weight, 
and the regular sequence of Valency 

The advances from the first to the second penod 
in the table are associated with an inciease of Atomic 
Weight which approximates closely to 16 m each case, 
■with, however, this feature, that the principal diver- 
gencies from an inciease of 16 is found in the middle 
member of each triplet in each case Berylhum in- 
creases by a little over 15 to form Magnesium, and 
Nitrogen by about 17 to form Phosphorous 

Fiom the second to the third period the increment 
18 about 16 for the fust triplet and about 20 foi the 
second Such increases cannot be reduced to any 
regular pioportion of the Atomic weights with which 
the group commences 

In the case of Silicon, we have found that l/3rd 
added to the dimensions of the Carbonoid produces a 
solid figure with the Atomic weight of Silicon, but if 
we were m a position to make a similai calculation for 
Oxygen, we should probably have to employ some 
entirely diSerent proportion and so on for each memb er 
of the eight groups 
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Ifj therefore, each of the elements has its own 
geometric form, how can the mass of the Atomiie 
enlarged by the same quantity m each case, in older to 
produce the next item in the group '>■ 

Another pecuharity of these groups is to be found 
in the way m which they divide into two series thus 
K 39— Rb 85 4— 133 
/ 

Li 7— Na 23 

\ 

Cu 63 6— Ag 108— Au 197 2 

No explanations of these curious relationships are at 
present available 

Although these mcreases are generally so regular that 
the elements almost always retain the same order in 
the 3rd and 4th periods, they are evidently independent 
{so far as Atomic weight is concerned) of the groups 
that precede and follow them m the Periodic Table, the 
differences between consecutive elements becoming both 
greater and less m the later periods, and m two oases. 
Tellurium and Argon, the Atomic weights advanomg 
beyond the position of the next group above it 

It IS submitted that the Table of Atomic weights 
must be regarded as a record of a series of groups start- 
ing from the 11 elements above mentioned 

It IS suggested that three problems he before us 

VIZ — 

(1) What are the relationships existmg between the 
11 elements referred to above ^ 

(2) What are the prmciples which determine the 
Atomic weights and othei characteristics of each 
item m the several groups ? and ui what way are 
they dependent upon one another ^ 
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(3) What IS the natuie of the changes of foim and 
• • chaiacter which arise with each increment in 
Atomic ’weight ^ 

The Theory of Atomic Form postulates that these 
problems can be answered by determming the geo- 
metric form of each of the 1 1 elements and by amvmg 
at the ohanges in the dimensions and form thereof which 
produce the increments m Atomic Weight as we pass 
from one senes to the next Such changes may be 
produced by aggregations or additions of simpler forms, 
or by an inciease in dimensions of some pait of the 
geometiio figure or by some othei change of form, but 
we aie still far from bemg able to present any com- 
prehensive scheme or to submit forms suitable for any 
of the groups except Carbon 

In view, however, of the strong a prioi i grounds in 
favour of the view that the elements must possess geo- 
metric foims which have been already discussed m 
Chapter I , ve submit that these problems deserve 
further study and consideration 

With regard to crystallization, it is suggested that 
three different lands of aggregates should be aclmow- 
ledged 

(1) The “ Filament “ where the molecules, as in 

Isoprene and the Rubbers, are merely 
hnked to one another m a chain of mde- 
fimte length 

(2) The “ Network ” wheie the molecules are cap- 

able of bemg hnked together in the foim of a 
network, as in the case of Graphite, but do 
not build up a lattice m three dimensions 



132 


ATOMIC EOEM 


(3) The “ Crystal ” where the molecules are bmlt 
up in a definite geometric form dependeni; 
on, although not necessarily similar to, the 
forms of the atoms makmg up the molecule 

It IS suggested that these diatmctions should be 
borne in mmd when considermg the forms of atoms and 
molecules 

Attention is directed to the argument in favour of 
the Theoiy of Atomic Form which is based upon the 
mabdity of the present constitutional formulae properly 
to represent some of the isomeric forms of compounds of 
three or more carbons 

The present formulae are unable to represent the 
form of the carbon aggregates in cases where the iso- 
merism IS due to the special configuration of these 
aggregates Instances of this kind are to be found in 
the three forms of Mafic Acid and the five forms of Acids 
of the formula C ^ H ^ 0 ^ when only four are theoretically 
possible In other cases where the Isomers are assumed 
to be represented by different arrangements of the 
attached Oxygen and Hydrogen, a critical study of the 
facts indicates that some other and more important 
differences of configuration are probably the causes of 
the diffeiences m chemical and physical characters which 
these isomers display 

It IS submitted that no satisfactory formulae can 
be prepared, so long as the carbon atom is assumed to 
be spherical in form, and therefore unable to be built 
up into right- and left-handed forms for the carbon 
framework of compounds contaimng three or more 
carbons 
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•'Attempts to get over this difficulty have been made 
l*y» introducing the trans and cis formulae m which the 
carbons are assumed to be arranged in a special manner 
relative to one another The carbon atoms will how 
ever be unable to do this with any degree of stabihty 
unless they are themselves tetrahedra, or unless special 
and peculiar forces are actmg between the spheres We 
have no definite knowledge of the forces operating 
between the atoms of a carbon compound, which give 
use to attraction and cohesion, but it is difficult to 
understand how any such force can act upon a system 
of spheres in such a way as to produce a stable con- 
figuration as depicted in some of our formulae 

The idea that Electronic forces are responsible for 
the formation of carbon aggregates is not supported by 
chemical evidence 

Such forces are responsible foi the behaviour of 
ions in solutions of electrolytes but they do not play 
any part m chemical reactions nor exercise directive 
powei over the formation of isomeric compounds 

On the other hand, if the tetrahedral form of the 
carbon atom is adopted, we are placed m possession of 
a number of different forms of carbonoid aggregates, 
which enable all these isomers to be adequately re- 
piesented and the isomerism explamed 

The trains and eta formulae aie no doubt useful so 
far as they indicate that there is a change m the position 
of the carbon atoms relatively to one another, but they 
fail to indicate the true positions of the carbons 
m the molecule or the causes of the differences between 
the isomers 
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Much remains to be done befoie the theory of Atdauc 
Form can be fully elucidated The phenomenon „o^ 
Steno Hindrance, which is dealt with at considerable 
length in Stewart’s Stereochemistry (1907) affords 
an extensive field for study, but is deferred in 
order that the main features of the Theory may be 
submitted 

It IS well known that a large number of unsolved 
problems m Organic Chemistry await the result of further 
experiment and research In view of this fact, it is 
submitted that the Theory of Atomic Form deserves the 
consideration of all who seek to unravel the mysteries 
of Atomic Affimty and Combmation 

The object which we had in view at the commence- 
ment of this book, was to design the form of the Carbon 
Atom, and by preparmg aggregates of the carbonoid m 
various arrangements, to compare these with the carbon 
framework of a vanety of carbon compounds To a 
certain extent this has now been done, and features of 
interest have been presented The Author regrets 
that so much in connection with the subject is necess 
arily deferred, but feels it to be his duty to lay before 
the pubhc the results so far obtained 
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It lias been suggested to the Author that some 
information on the subject of model-making might 
be found helpful by those who desire to secure a more 
intimate knowledge of the carbonoid and its aggregates 
It IS oertamly very desirable that those who wish 
to obtain a clear understanding of the Theory of Atomic 
Porm should have samples of the models before them, 
as it has been found impossible by drawings and photo- 
graphs to exhibit all the features of the carbonoid- 
aggregatea or to shew all the combinations of which 
they are capable 

Only one solid figure is required, viz , that cf the 
carbonoid — of which a large number of plaster casts 
can be made from the same mould, all exactly ahke 
All the figures of carbon chains, rings, &c , are prepared 
by gluing the carbonoids together to make the form of 
carbonoid-aggregate required 

Materials The models may be cast in Plaster of 
Pans or Portland Cement or some other substance 
which M'lll quickly set when poured into a mould The 
plaster casts are more easy to mampulate, but the 
cement models are stronger and more durable and less 
hkely to be chipped or damaged In the case of the 
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plaster models, the sohd edges and corners of th^car- 
bonoid are easily damaged, but the cement models„aj»e 
harder and more difficult to rub down so as to produce 
uniform and satisfactory faces to the figure Plaster 
of Paris (best quahty) appears to be the best material 
by reason of the promptitude with which it sets 

The models made of Piaster of Pans may be 
strenghtened by dipping them into a strong solution 
of Size 

Size The size of the Carbonoid Model will depend 
upon one measurement, A D or B C, Fig 9, p 13 The 
length of this hne decides the size of the entire figure 
The Author has found a length of two niches a convement 
size It would be easier to make accurate moulds to 
a largei size, but the resulting casts would reqmre more 
material and m the case of ruigs of 60 carbonoids, 
Fig 19, p 28b, would be unduly bulky On the other 
hand, if a smaller size be adopted, there is a difficulty 
in seouiing sufficient accuracy m all the details of the 
mould 

The Mould The preparation of an accurate mould 
IS of special importance and requires great care It is 
best to commence by preparmg a gauge in the form of 
Fig 9 It mtiy be made out of ordinary sheet tin (or 
more accurately tinned iron) and should be cut a trifie 
largei than is desired and filed down to be stnotly 
accurate in all its proportions From this gauge aU 
the measurements of the mould can be tested 

The mould wiU have three sides, the fourth side of 
the carbonoid bemg represented by the top of the mould, 
which wiU be left open and the plaster smoothed to a 
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level Surface Each of these three sides may be pre- 
pS.rSd by cutting a piece of sheet tin into the three 
forms shewn below 



/ / 

BAG 



These drawings are made in a reduced size, but the pro 
portions are accurate 

The guides are marked a 
Lmes of contact are marked x x, yy and z z 
If the pieces when soldered together do not give a perfectly 
horizontal surface for the 4th side of the carbonoid the feet/// 
may be adjusted to give the desired result 

The strips of tinned metal marked (a) should be 
soldered in their places as gmdes before puttmg the 
pieces together A small space must be allowed for 
the thickness of the tin, so that the intenor of the mould 
may be exact 
J 
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The soldering together of the three sides of the Induld 
13 the most difihcult operation, but is gieatly assiirtca 
by having the guides in then right positions All the 
soldering must be on the oitteide so that the interior 
may be exact , the difficulty is in gettmg the first pair 
of sides soldered together at the right angle to effect 
this an accurate model of the carbonoid in cardboard 
or wood should be prepared, and the mould can then 
be bmlt up around the model 

It IS weU to make a small pm hole at the bottom 
of the mould, in order to allow air to escape and prevent 
the models from being spoilt by bubbles at the bottom 
of the mould 

We recommend the use of tmplate, medium 
to stiong m thickness, so that the mould may preserve 
its proper contour 

The importance of an accurate mould cannot be 
too strongly impressed upon the reader If all the 
faces of the carbonoid are not quite equal, or if the two 
sohd angles at A C and B D, Fig 8, p 13, are not exactly 
l/6th of four right angles there will be a difficulty in 
obtaimng correct figures of the benzenoid, carbon chains, 
&o , and the preparation of the nng of 60 carbonoids 
will be a matter of considerable difficulty 

Making the Models The plaster should be 
thoroughly mixed and smooth, of the consistency of 
cream and be poured carefully into the mould, avoidmg 
air bubbles It is beat to mix a small quantity freshly 
for each model, and to fill the mould to overflowmg As 
soon as the plaster begins to set, remove the surplus at 
the top of the mould with a knife and out it down to a 
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surface level with the top of the mould After standing 
ifhSl the plaster is quite set, inveit the mould, and by 
tapping it on the outside the cast will be loosened and 
will fall out It should be handled carefully and set 
aside until the next day, when it will be quite dry 

A level surface at the top of the mould can be 
secured by laying a smooth plate of metal on the top 
and squeezing out all surplus plaster, but there is danger 
of air bubbles forming under the plate and causing 
irregularities in the surface 

After making the cast, the mould should be cleaned 
and the inside oiled, to prevent the plaster from 
sticking to the mould when next used 

When quite dry, the models may be rubbed down 
on a sheet of medium to fine glass papei laid on a fiat 
board, to remove any iriegularities, but care must be 
taken not to reduce the size of the model by too much 
rubbing 

Making the Aggregates The caibonoids may be 
affixed to one another by any strong material The 
Author has used ordinary glue, but caie must be 
exercised not to apply too much If pressed tightly 
together a small quantity of glue wiU make a good 
joint, but the most useful material appeals to be 
“ Necol ” sold in tubes It is always leady for use, 
dries quickly, makes a strong clean joint, and if care- 
fully used will not run ovei or disfigure the aggiegate , 
the latter may reqmre rubbing down with glass paper, 
and defects may be lemedied by filling up holes, &c , 
with plaster 
K 
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To write on the models ordinary ink should "not 
be used, but a small sable hair brush and Indian *ii& 
or lead pencil 

“Necol” may be used to strengthen the plaster 
model and prevent damage to the edges and points , it 
should be applied as a kind of paint to the outside 
surface, smoothed down and allowed to dry 
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